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Mr. BrDnER,--President,--id he felt  it was hardly necessary 
to ask the  Meeting  to express its acknowledgments, to the  Author, 
for this  highly interesting  Paper, which touched upon so many 
points of great importance, and int,roduced such a variety of 
matter,  requiring careful discussion. As it  might  be difficdt, upon 
any  future occasion, to  bring  together so many  gentlemen whose 
attention  had been directed  to  the different branches of this great 
question, which was now exciting so much public interest, it 
appeared  desirable  to  take  advantage of this opportunity, for 
eliciting information upon the whole subject. The  Paper  treated, 
principally, of the construction of artillery ; but he hoped some 
observations would be  made upon the  best mode of rifling, upon 
the most effective projectiles, and upon other  details connected 
with the science of gunnery. He  also thought,  that some atten- 
tion should be given, to  the means of defence against  the destruc- 
tive weapons now being  introduced  into modern warfare. 

Several  statements made in the  Paper  had  rather surprised him. 
The tensile pressure evolved by the explosion of gunpowder was 
said to amount to from 2,000 to 2,500 atmospheres, or from 14 tons 
to 17 tons  per square inch. H e  was not  prepared to learn,  that 
the tensile  force was SO great ; but  the  Author  had confirmed the 
statement, b ascertaining the  amount of powder required to  burst 
a cylinder o J known strength. The President  had tested it by the 
velocity which must be communicated to  the projectiles in being 
urged forward, and  the result at which he had arrived, went 
to show, that  the tensile force was rather  under-stated  than other- 
wise. Indeed,  he believed, the pressure of the  gases evolved by 
the combustion of gunpowder, might be taken at 20 tons  per square 
inch. 

Mr. LONGRIDGE remarked,  that it might  be thought strange, 
that in the  year 1860, he should bring forward the results of 
experiments which were carried  out so long  ago as 1.855. I t  had 
been originally  his  intention  to  have laid  the subject before the 
Institution at an  earlier  period;  but on talking over the  matter 
with one of the  Past-Presidents, now deceased, that gentleman 
thought  it was hardly advisable  to do so, because as Mr. Long- 
ridge  had  taken out a patent for the principle, it might appear 
that  he was daking  an unwarrantable use of the Institution, as 
a means of forwarding  his own  views. Recognising the propriety 
of the suggestion, he refrained from taking  any  further steps in the 
matter  at  that time. It might be  said, that  the same objection 
still  applied ; but he hoped the  Members would acquit him of any 
such intmtion. H e  was aware of the vast amount of time, 
patience, and money expended by highly intelligent individuals, 
in endeavouring to effect improvements in weapons of war;  and 
after  all  that expenditure, t.here was great probability of their  exer- 
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tions not being  attended with success. H e  had,  therefore, long since 
given up  the  idea of bringing  the  matter forward, commercially ; and 
it was only after  the bursting of so many cylinders of hydraulic 
presses, at  the  launching of the ‘ Great  Eastern,’  that he determined 
to prepare  the present Paper.  Having done so, he hoped it would 
induce a good discussion. It might  be thought  strange,  that  he 
should have made no allusion to  what had  been done by Sir 
William Armstrong, Mr. Whitworth,  and Mr. Mallet.. H e  had 
avoided doing so, solely because he was not in  possession of that 
accurate information, which the  Papers  presented  to  the  Institu- 
tion  ought alone to contain. H e  could not, of course, apply  directly 
to Sir  William Armstrong, for he knew the official reserve which 
in that gentleman’s position it was proper  to  maintain ; and he 
was averse  to  obtaining such informat,ion in an indirect  manner. 
Since the  Paper was written, there  had  appeared in a public 
journal, a description of the  Armstrong gun. There were 
some portions of that description which led him to think, that  the 
person who wrote i t  either was not, or did not wish to appear 
versed in  the technical details of the matters  he described. A t  the 
same  time, there was a general description of the process of manu- 
facture, which he presumed the writer had witnessed, and which 
gave a tolerably  clear idea of the  leading  features of construction. 
The principle  adopted seemed to be the construction of artillery 
by a series of superposed concentric rings. The  bar of iron was 
coiled round in a spiral form and welded. The same process 
had been very successfully applied in  France, many  years ago, 
for the manufacture of the  tyres of locomotive wheels. As 
regarded guns, Mr. Longridge  had formerly tried  the system ; 
and he  exhibited a piece of a gun so constructed. There was, 
however, a difficulty in  making perfect welds. With  the appliances 
which Sir William Armstrong  had at his command, this difficulty 
had probably  been overcome. At the same time, the chief 
strength of the cylinder so made, was circumferential. The 
trunnions were shrunk on ohe gun ; consequently, the whole of the 
recoil was transmitted  through the hoops to  the trunnions. H e  
doubted,  whether it would  be possible, in guns of large calibre, 
constructed upon t,hat plan, to make the welds hold perfectly. H e  
considered, that  the transmission of the force of the recoil to  the 
trunnions,  should  be through iron  laid  longitudinally. If some 
plan of that  kind were not  adopted, the hoops of the  guns would 
shake loose and give way, although  smaller  guns made upon that 
plan had been successful. H e  had read  the  article  in  the journal 
with pleasure, because it convinced him, that a step was at last 
being taken  in  the  right direction. 

With respect to Mr. Whitworth’s proceedings, he appeared 
to be  directing his attention  rather  to  the best modes of rifling, 
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than to making a strong  gun. As regarded Mr. Mallet, his was 
an endeavour to  carry  out  the principle of hoops upon a large 
scale. Mr. Longridge  did not like  to call it a failure ; he would 
rather say it was an unsuccessful experiment. The principle 
Mr. Mallet  had in view  was the correct one ; it was a step  in  the 
right direction ; but it was not successful, because sufficient atten- 
tion had not been paid to the accuracy of dimensions and of work- 
manship, which the system of rings involved. Mr. Longridge 
had written to Mr. Mallet for particulars as to  the size of the 
rings ; but  as  that  gentleman professed to be preparing a Paper 
upon the subject, for the  Institution, he naturally preferred to 
retain  the information, until such  time as he could bring  it 
forward himself. 

Before the discussson commenced it  might be  advisable  to explain 
the objects exhibited,  and also to call attention to the  diagrams of 
tension ; (Figs. 2, 3, 4, 5 ,  6, 7, and 8, pages 217, 298, 300, 
and 302). He  would first allude  to  the brass  cylinders  referred to 
in  the  Table,  (page 307,) and to the method of using them shown 
in Fig. 11. One of these cylinders, without wire,  was bulged by 
a charge of GO grains of powder. If firing  had been continued 
with the same  charge, no doubt the cylinder would have been 
burst. Another cylinder, with four coils of wire, was tested  with 
200  grains of powder, and was fired repeatedly, without any effect 
being produced. Another cylinder, with  two  coils of wire, was 
fired first with 90 grains without effect. The wire a t  one end was 
then loosened, and 100 grains of powder were put in ; whcn the 
cylinder became curiously bulged at  one end. 

With respect to the cast-iron cylinders, Fig. 17, (page 316,) 
represented  the  last cylinder  mentioned, with ten coils of wire. 
I t  was filled with powder, the  end was plugged up, and the powder 
was fired repeatedly,  without  producing  any effect upon the 
cylinder. The flange had been since accidentally  broken off,  when 
it was found, that  the side of the cylinder had been sheared off 
from the top flange. The top flange was not able  to expand ; but 
the  part of the side, covered with the wire, did expand, and 
was sheared off. That, however, did not affect the principle, as 
applied  to artillery. H e  would mention the extraordinary  effect 
which the powder had upon the cast iron. The plug was the  exact 
size of the cylinder when made. After being  fired six, or seven 
times, the  plug was grooved in more than  Qth of an inch, by the 
action of the powder, and the recoil from this, on to the flange, 
caused a groove in the opposite direction. 

When  the  Paper was written, he had not been able to find any in- 
formation respecting the  actual  amount of deterioration, which cast 
iron,  in  the interior of a gun, underwent by cooling ; nor had  he yet 
been able to do SO. But  the results of some experiments  made by 
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Captain (now Colonel Sir H.) James, R.E.’, (Assoc. Inst. C.E.,) 
for the Conlmissioners on the use of iron  for railway structures, 
bore  somewhat  upon the point.  Captain  James took a  small  bar of 
cast  iron, qths of an  inch  square,  and  then  cut  a  bar of the Same size 
out of the  centre of a  bar 3 inches square. Those  bars were then 
tried  as to their resistance to  a  crushing force, and also as to their 
transverse  strength. The reduction  in  resistance of the latter  bar to a 
crushing force was 43 per cent., and in  transverse  strength 42 per 
cent. Mr. Longridge felt confident, that in a mass of metal, such as 
was required for a 68-pounder  gun,  the loss of strength would  be 
at  least 50 per cent. When  that was combined with the loss of 
strength  due  to  a  homogeneous cylinder, it easily explained  the 
bursting of the  hydraulic presses, to which allusion  had  been 
made. I f  the tensile strength of cast  iron was taken  at 8 tons  per 
square inch, and  Professor Barlow’s formula was used, the pressure 
which  would burst  the  cylinder of a hydraulic press 10 inches in 
diameter, would  be 5 54 tons  per  square inch. But inasmuch 
as the  tensile strength in the interior was reduced from 8 tons 
to 4 tons, the  pressure at  which it would burst would be 2 . 7 7  
tons. If  the more accurate formula of Lam4 was employed, after- 
wards  deduced by Dr. l lart ,  in  his  calculations  for Mr. Mallet, 
and by Mr. C. H. Brooks, in  his  investigation  for  the Author, 
and also arrived at  by Professor  Rankine, by another method: 
the  bursting  strength would  be 34 tons. Mr. Longridge believed 
this  last  formula was the most  accurate  yet discovered. In  the 
Paper, before the  Institution,  Professor Barlow’s formula was  men- 
tioned, because he was the first to point  out  the  cause of weakness 
in hydraulic presses. But  he  did  not  think  that  Professor Barlow 
was quite accurate in the investigation,  the chief error  being 
in the  assumption,  that  the  area of the section of the  cylinder 
remained a constant  quantity. Now inasmuch  as  the iron, by 
the  force of the pressure,  became compressed, that must be taken 
into  account  in  the  equations. 

I n  Fig. 2, (page 29?,) the line H I represented  the  state of ten- 
sion of the particles of’ a homogeneous  cylinder, strained by an 
internal pressure,  according to  the  true  formula. The line H i 
represented  the  same,  according  to Barlow’s formula. Conse- 
quently,  the  absolute  resisting  strength was t.he area of the  curve 
G H I F, or G H i F, as one, or the  other  formula was  employed. 
Now the object to  be attained was, that when the particle a t  
G was strained to the  extent  denoted by G H, the  particles a t  K 
and F should be  equally  strained at  the same  moment. The only 
way to accomplish that, was to put  the particles from G to N 

___ _______- 

1 vi& 6‘ &Port of Commissioners on Railway Structures, 1849,” page 257. 
2 TT& ( 6  lfanual of Applied Dfecl~anics,” ptge 293. 
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into  an initial state of compression. The atrain of the particles, 
before explosion, was represented by the curve L N M. What 
took place when the explosion occurred,  might be thus  described :- 

L was raised  to W : and  every  point from G to F was raised up 
to  the  tension  denoted by its  projection  on the line H 0. The 
total strength was represented by the  area L H 0 M N L, which 
was equal  to  the  rectangle G H 0 E. That was the way to  get, 
theoretically,  the  strongest  gun. With reference  to  the system of 
construction  by  means of hoops, referring to  Fig. 3, (page 298,) as 
soon as  the  second hoop A, was put on,  with proper tension, it 
brought  the  inner one A, into a  state of conlpression ; the  parts ' 

shaded below the  diametral  line  representing compression, and 
those above exhibiting tension. But a t  the  junction of the hoops 
there was an  abrupt  change.  When  the  third  ring A, was put 
on, the  inner  ring A, was still  more compressed. The second 
one A, was brought down almost to the  normal  line, while the 
third A, was in a  state of tension. When  the  fourth ring, A, was 
put on, the first r ing was put  in  a  still  greater  state of compression, 
as also the second A,, and  the tension of the  third A, was reduced. 
When  the  pressure was  brought  on  the  inside, it  ought  to raise 
the  tension of the whole of the rings to their  ultimate  tensile force. 
But as was  shown in Fig. B, (paqe 300,) it only did so as  regarded 
the  inner surfaces of the rings. rhe  inner one was raised l 2  tons, 
so that  the  inner surfaces were strained  to 12 tons uniformly, 
but  the  outer surfaces could not  be so, for each ring,  being homo- 
geneous,  must follow the law  shown in  Fig. 2, (page 297). The 
state of tension was represented by the series of curves a b, c d, 
&c. &C., (Fig. 6) ; therefore  the  aggregate  strength would be less 
than  the  rectangle C a X C D, by the  area of all  the spaces a  b c, 
C d e, &C. That would be the case, if a  gun was constructed with 
rings  accurately  made,  according to theory ; but  supposing  the 
fourth  ring  to be a&ath  part of an  inch too small,-in the case of 
an S-inch gun, the result was  showu in Figs. 7 and 8 ,  (paee 302). 
The initial  tension of the  outer  ring R, was increased, whilst that 
of the second ring was decreased,  and  the  initial compression of 
the  inner  rings was increased. When  the internal  pressure was 
brought on, the  inner  surface of the  outer  ring was strained  to  its 
full tensile force ; the  next was strained  about  one half, the  next 
one  third,  and  the  inner  ring was scarcely  strained at  all. Thus 
there was a  great  reduction of strength, from  even an error of 
&$h of an inch. This  example showed, that  if  the  strength 
of a homogeneous cylinder of wrought iron was 100, when rings 
were applied  in  a  proper  manner,  the  strength would be raised 
to 191. But the error of &h part of an inch, would reduce  the 
strength to 110. If, on the other hand,  all  the  rings  had been 
brought up to the full tensiou, thcn the  strcn@h would bc 21S, or 
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nearly two and a quarter times the  strength of the homogeneous 
cylinder. This was what Mr. Longridge  had been trying  to  do 
with wires, which were in every way equivalent to very numerous 
and  thin  rings, so that%every point could be brought almost up  to  the 
ultimate  strain which the wire would bear. H e  would also  state, 
that  not only could wire be  applied, with the  greatest facility,  exactly 
in  the way indicated by theory, but  it was the  strongest  material 
known. A piece of iron which  would bear a tensile force of 20 
t,ons per square inch in  the bar, would bear 40 tons  per square inch, 
when made  into small wire ; and steel wire had borne from 120 
tons to 130 tons per  square inch. Although  the experiments he  had 
made  had been on a small scale, he hoped they would be  regarded 
as raluable, in confirming what  theory pointed out. H e  had so 
strong a faith in this theory, that  he should have  no  hesitation  in 
working upon it. 

The present question reminded him  of the course of events in 
reference to the  construction of girders. I n  the first instance simple 
beams of cast iron were used. Tredgold  then suggested the double 
T form, which gave  greatly increased strength. Mr. Eaton  Hodg- 
kinson, (Hon. M. Inst.  C.E.,) followed, and  brought  out  the  best 
form of beam, theoretically considered. Subsequently, the new and 
stronger  material of wrought  iron was introduced, and was carried 
to a high state of development in  the  Britannia Bridge. In  all  this 
the indications of theory had been followed, and  he hoped the  same 
would occur with regard  to guns. H e  looked upon the  Arm- 
strong  and  Whitworth guns, as steps in the  right direction. Hoops 
were used, but it was at present doubtful, whether they were 
being  applied with that care, with respect to tension, which theory 
demanded, Still,  it was a step in the  right direction, and  he  had 
no doubt  further improvements would be made, and  that before 
many  years, the value of the system of construction now advocated, 
and  the applicability of wire, would be  fully recognized. 

Mr. ALFRED LONGSDON stated,-through the Secretary,-that 
he was desirous of explaining the circumstances in connection 
with the  bursting of Mr. Kriipp's gun, at Woolwich, in 1853, 
alluded to in the  Paper.  This explanation was essential, in 
justice to Mr. Kriipp,  as, if the cause of the  bursting was not made 
apparent, an erroneous idea of cast  steel and of its application to 
ordnance might be the result. The  gun which burst at  Woolwich 
was designed  for an  ordinary 68-pounder  round shot, but during 
the proof a shot weighing 259 lbs. was used. It was, moreover 
an  expanding shot, having a wrought. iron ring, of a v shape  in 
section, fitted on to  the end. When  the explosion of the powder 
took place, this  ring was broken, and was forced along t'he body of 
the  dot,,  cutting  up  the  cast iron  to the  extent of from 6 imhes to 8 
inches. The pieces of the shot, thus  cut off, together with the 
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broken ring, completely wedged the shot in the  gun, a t  about the 
second reinforce, and  the  natural consequence was, that the gases 
having no  means of escape, burst  the gun. The shot was not 
forced through  the  gun, but when the  bursting took place, it 
was carried, with the muzzle of the gun, forward  to the  butt,  and 
was jerked  out at the broken  end, and thrown over the  butt  into 
the convict sheds. The shot was, evidently, the whole and sole 
cause of the bursting, and no blame could be attached t,o the metal 
of the  gun.  That cast steel was specially adapted  to  the purposes 
of ordnance  had now been proved by other  Governments, and 
Mr. Krupp  had made a very large number,  particularly of 
rifled guns,  without one having  burst. As a proof of the 
tenacity of the steel, it  might be  mentioned, that a 12-pounder 
howitzer gun was sent, by Mr. Kriipp, to Woolwich, for the purpose 
of being tested, as severely as  it could be, and notwithstanding that 
the  gun was completely filled to the muzzle with powder, shots, 
and broken shells, it could not  be  burst, and  it was returned with 
the cascable knocked off by the recoil ; the  gun  having been thrown 
high up  into  the  air by the force of the explosion. 

Mr. C. H. GREGORY, V.P., said, having been for two, or three 
years a member of the Select  Committee of Ordnance,  he  begged 
to offer a few observations upon the  Paper before the Institution. 
If  he differed from the  Author  in one, or two points, both as to his 
practical details, and as to  the implied incompetence of the  Ord- 
nance  Select Committee, he could not withhold his testimony to 
the excellence of the  Paper,  in which was developed, as he believed, 
one of the most important principles, in  the manufacture of large 
guns. H e  agreed with the views expressed, that  it was impos- 
sible, in a large gun,  to get  the  ultimate  strength  out of a homo- 
geneous material, such as cast metal, or wrought iron forged in  large 
masses ; and he believed it was a n  important improvement to build 
up large guns, on the principle which had been so well explained. 
But with regard to the  manner in which that principle was to be 

ractically applied, he  did not  quite agree with Mr. Longridge. 
f’erhaps he  could best illustrate his views,  by referring to one, or 
two cases which had come before him officially, as a member of the 
Ordnance Select Committee. Soon after  the commencement of 
the war with Russia, the civil element was introduced into  the 
Committee.  Besides himself and  another  Engineer, the Professor 
of Mathematics a t  the  Royal  Military Academy, the Chemist  to 
the Ordnance, and  another  gentleman distinguished in physical 
science, were made members. There was, at all events, it might be 
imagined, sufficient of the civil element  to assist the military nlem- 
bers of the Committee in coming to a right conclusion. The 
Select Committee was now, however, composed exclusively of 
military members. 
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The idea of constructing  guns by hoops laid upon bars was 
not a new  one. Some of the oldest guns were made  in that way ; 
although no doubt in ignorance of the principles elucidated  in the 
Paper,  and without any attention whatever being  paid to  those 
principles. If he did not quite agree with the  Author,  that  the 
Civil Engineer was more qnalified to deal with the designing of guns 
than  Artillery Officers, it might  in some measure be, because this 
principle first came  to  his  knowledge through  an  Artillery Officer, 
Captain Blakely, who, he  thought, had  dealt with t,he matter more 
practically than Mr. Longridge. The form of Captain Blakely’s 
first gun was  shown in Fig. 9 (page 304). When Mr. Gregory first 
saw it, he  ventured  to predict, that it would fail a t  the  breech; 
and  he suggested, that it would be  better for Captain Blakely to 
make a gun with the probability of the breech being preserved, 
rather  than expose himself to  the risk of failure. The breech 
of that n did blow out. H e  admitted  that  the Select Com- 
mittee not, a t  the  time,  understand  the principle of that 
gun,  as  their  report showed ; but  they  afterwards became sensible 
of their mistake, and,  he thought, were disposed to recognise 
the  merits of the priuciple. If  the officer  who brought  it for- 
ward, had not received that encouragement which might have 
been expected, it  had been owing to  the belief  on the  part of 
some members of the Select Committee, that  the principle was not 
new. But the  question of priority of invention was not now before 
the Institution, and  he would, therefore, only say, that whoever first 
int,roduced it, in a practical way, deserved the utmost  credit, and, 
some solid reward from the country. Whilst  Captain Blakely’s 
gun was before the Committee, Mr. Longridge showed and ex- 
plained to him a drawing of the model, F I ~ .  12 (page 308). H e  
then pointed out  the probable failure  that would ensue, from the 
want of means to keep the breech on, and  the absence of longi- 
tudinal  strength ; and where a gun  had  to be severely tested, 
these were important considerations. It had been stated,  that  the 
gun  burst because i t  was not  properly  tested, and  that  the breech of 
the gun should have been placed against a solid bearing ; but  he 
submitted, that  guns should bear  due proof without such support, 
While recognising the excellence of the principle, he  had told 
Mr. Longridge,  that  the same principle, in a more practical form, 
was already before the Select  Committee. H e  pointed out, that  the 
mode in  which the principle was applied,  though  theoretically more 
perfect than  that of Captain Blakely, would  be liable  to objection, as 
there would be no  certainty in coiling on the wire with the proper 
‘tension, and  that theoretical perfection could not be insured. H e  
considered, also, that  there would  be a difficulty in securing the wire 
from injury, for if the  end were detached, or one wire were broken, 
there did not see111 to be anything to prcvent t.hc  whole coil from 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



346 CONSTRUCTIOX OF ARTILLERY. 

unravelling. The mode of shrinking on hoops, or tubes, one over 
the other, though not so perfect theoretically, was less liable  to 
irregularities of manufacture, or to  subsequent injury. Where 
wire was used, there would be  a difficulty in effecting longitudinal 
strength, and in securing  the breech, which were essential con- 
ditions  to the safety of a gun.  When hoops, or tubes were em- 
ployed, upon a shell, or core, the breech could be  made more a part 
of the  gun itself, and longitudinal strength could be better  attained. 
That view had received confirmation, from the  Armstrong gun, 
which had a strong  and secure breech. Owing  partly t,o the de- 
scriptions which had appeared in  the journals, and partly to  the 
statements of Sir William Armstrong himself, the  particulars with 
regard  to  that  gun were no longer secret. It was, therefore, 
no breach of confidence to  intimate  an opinion, that  the construc- 
tion of that  gun was based, with some variations, upon the principles 
of construction brought forward by Captain Blakely ; and the very 
ingenious combinations of the  Armstrong  gun  had produced a 
strong  gun with a secure breech. Mr. Mallet’s gun, known as 
the ‘ Monster Mortar,’ was partly  made upon the  same principle ; 
but here  again  had occurred the difficulty of fastening on the 
breech. Mr. Mallet seemed to  under-rate  the enormous power of 
the explosive gases from gunpowder. There was a series of rings, 
and  the breech was  held on to the muzzle piece, by a number of 
longitudinal wrought-iron bars, which appeared to  be inadequate 
for the explosion of a full  charge. Mr. Whitworth‘s guns seemed, 
by the description in  the journals and  the  statements  in  the  House 
of Comlnons, to have been built somewhat similarly  to those of Sir 
William Armstrong. Therefore, there were three, or four of the 
most celebrated modern  guns,  in which the value of the principle 
advocated in the Paper  had been practically recognized. 

Mr. Longridge had  alluded to several rifled guns having burst. 
It must not be forgotten, that some of those guns  had been bored 
out to a larger chase than the blocks were originally  intended for, 
and so far,  the  test was unfair.  Some of the  Lancaster  guns  had 
burst; while the shells from those guns sometimes attained  great 
precision, and at other times they flew  wide. These results, he 
thought, might have occurred from a want of concentricity in  the 
axis of the shell and  the axis of the  gun,  in which case, there was a 
tendency to  jam and burst the gun. With  regard to the guns which 
had burst after being  bored upon Mr. Whitworth’s principle, he 
believed that  the  hard  metal shot was made to be  a close fit to the 
polygonal rifled bore. This  arrangement  might answer very well, 
so long ;ls the  bearing surfaces were as clean as those of a piece of 
machinery, and  the work was done with the precision of Mr. Whit- 
worth’s tools. But if inferior work were used, or when the bore 
became foul, he thought a hard  metal shot, fitting close to a rifled 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



CONSTRUCTION OF ARTILLERY. 347 

bore, would have a tendency to burst  the  gun. H e  did not say this 
might  not  be overcome, with a gun built upon Captain Blakely’s 
principle : at the same time it was rather a hard  tax upon cast 
iron, which might be  capable of standing  its work with a smooth 
bore. 

I t  was not necessary, that  he should  defend all the  acts of the 
Select Committee. H e  believed they  had done good service, and 
had helped good inventions, rather  than thrown  impediments in  the 
way, as some disappointed  inventors seemed to  think. When he 
first became a member of that Committee, about  thirty inventions 
were submitted for consideration every week. This involved a 
large amount of work ; and if occasional errors of judgment  had 
occurred, that must  be the excuse. If Sir W. Armstrong’s gun 
was not recommended, with all the promptitude which soye con- 
sidered  due to  it, it should be remembered, that without careful 
experiment, the Committee would have incurred  grave responsi- 
bility in  suggesting such a revolution. I t  was felt, that in so im- 
portant a matter, the change  shonld  be gradual.  ARer seeing the 
wonderful practice with that  gun,  the Committee had, he consi- 
dered, given it due encouragement,  althcugh it was not the  Select 
Committee who advised its adoption,  to the  extent to which it 
was now decided to be used. 

As a Civil Engineer, he was not likely to undervalue the powers 
of his own profession, but  he must say, that  he  thought  the ar- 
tillery officer  who used the  guns  had some qualifications for the 
successful designing of guns, which even the Civil Engineer could 
not possess. H e  did  not  think  an  artillery officer  would have 
proposed such a projectile, as  that alluded  to by Mr. Longridge, 
as having caused the  fracture of one of his guns. Those who used 
guns would often think of some important point, which  would 
escape the  attention of civilians, however scientific, or practical. 

With  regard  to  the Select Committee, he  hoped it was no breach 
of  official propriety  to say, that inventions were repeatedly  referred 
back, because some influence was used with the Government, to 
set aside the recommendations of the Committee. He believed it 
could be shown, that thousands of  pounds,-he might  perhaps almost 
say, hundreds of thousands of pounds,-had been squandered, 
in trying, at the public expense, inventions which the Committee 
had pointed out to  be utterly valueless, and which afterwards 
proved to  be  failures. In  the desire  to avoid a waste of the 
public money, and  in  the  multitude of inventions upon  which they 
were called upon to decide, the Select  Committee  might sometimes 
have committed errors; but  many important improvements had 
becn encouraged and developed, and he believed the  Conmittee 
had merited tlle confidence of tllc Govcrnnmt alld the t,llarllrs of 
the country. 
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Captain BLAKELY, R.A., while appreciating  the kind mention 
which had been  made of his efforts to improve the construction 
of guns, thought undue  weight had been attached  to  the circum- 
stance of his having preceded Mr. Longridge by a short time, in 
the introduction of his principle before the Government  authorities. 
It was  well known, that  about  the same  time (1855), Mr. Mallet 
brought  the same general theory of the  matter before the Royal 
Irish Academy.’ Mr. Mallet  and  Captain Blakely took a slightly 
different view  of the mode of carrying out the principle, t,o that 
adopted  by Mr. Longridge. As the method of using wire had 
been already fully described, he would  confine his  remarks, chiefly, 
to the views entertained by Mr. Mallet  and himself. They wished 
to build up a gun of concentric cylinders, each slightly compress- 
ing  that within it, thus only approximating to. the theoretical - 
fection, which, doubtless,  could be  gained wlth wire, better t K“‘ an 
with any  other material. Mr. Mallet  and  Captain Blakely only 
seemed to differ on one point, and  that  an unimportant one. The 
former proposed wrought  iron  throughout, whilst the  latter  had 
thought steel, or cast iron, more suitable  for the  interior of the gun. 
Me was  now speaking of a  method of construction proposed six years 
ago, when only iron  shot were fired. The introduction of a leaden 
coating  to projectiles, somewhat lessened his objection to  forgcd 
iron, as a material for the  interior of cannon. The  barrel of the 
Armstrong  gun  was  an example of the mode of construct,ion recom- 
mended by Mr. Mallet.  Any person following the instructions 
contained in his treatise on artillery,2 could scarcely fail to  make a 
barrel  like  that of the  Armstrong gun.  Captain Blakely had made 
some experiments with cast  iron for the centre of the  gun. The 
first had  already been alluded to, as having had  the breech blown 
out. I t  was made  as  an  18-pounder  gun,  and was very thin,  and 
it was intended  to fire about 3 lbs.  of powder, with the 18-lbs. shot. 
Along time  having  elapsed, before he received an answer to his appli- 
cation  to  have the  gun  tried at Woolwich, he tested it personally, 
with the assistance of the staff of the Butterley Iron Company. 
H e  then found it to be an excellent light IS-pounder. Although 
weighing only 15 cwt., it was safe to fire with 4 Ibs.  of powder and 
an 18-lbs. shot. It was afterwards  bored out to the calibre of a 
2kpounder, (Fig. 9, page 304,) when the cast iron wasnot more than 
a quarter of an inch thick. In  thus  increasing  the size of the bore, 
the  true proportions were necessarily lost, but he wanted to as- 
certain how far the thickness of the  metal could be safely re- 
duced. The gun was in this state, when, at length, permission 

__ 
1 Vide “Transactions of the Royal Irish Academy,” vol. sxiii.,  part I., past 

2 Vide ‘‘On the Physical  Conditions involved ill the Constructiou of Artillery, 

~- 

1.11. 4 t O .  Dnhlin, 1856. 

etc.’‘ By R. Mallet. 4to. Dublin, 1856. 
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was granted to have it tried a t  Woolwich. There  it was fired 
several times, first with 4 lbs. of powder and a 24-lbs. shot, the maxi- 
mum charge  he expected i.t to bear, then with gradually increased 
charges of powder, and ultimately, for three rounds, with 8 Ibs.  of 
powder and a 24-lbs. shot. It burst, of course, as was intended, ' 

and exactly where Mr. Gregory  had predicted. Whilst this ex- 
periment was going on, the  gun,  (Fig. 10, page 304,) was being 
made. I t  was simply a cast-iron gun, cylindrical from the breech 
to  the trunnion,  having three wrought-iron hoops shrunk on it, 
with a tension not very accurately  ascertained. Yet  that  gun was 
proved to be one of the stron est ever made. For  the  sake of 
comparative  experiment, the 8 rdnance Select  Committee had a 
cast-iron gun  and a brass gun of the same size fired, round for 
round, with this gw. This experiment was made at  Shoebury- 
ness  in 1855  and  1856,  and lasted over a period of nineteen 
months. The result showed, that his gun was more durable 
than  the cast-iron gun, in the proportion of about 7 to. 1, and 
than  the brass gun, by about 3 to 1. The  Table,  (page 305,) showed 
the  exact  number of shot fired. Guns made on that model would 
be of simple construction and be useful for many purposes! par- 
ticularly for naval  rifled cannon. The  result of the experiment 
just alluded to, caused Lord  Panmure, the then  Secretary of State 
for War, to order a 68-pounder and a 10-inch gun  to be made, at 
Woolwich, further  to  test  the principle, and now, he was happy to 
say, large numbers of similar guns were being  made for the  Royal 
Navy. Whilst advocating  this system, however, Captain Blakely 
wished it to be understood, that  he fully agreed,  that  greater 
strength could be obtained by the use of wire, than  in  any  other 
manner. Indeed if monster cannon were wanted,-mortars to 
throw shells of several  tons weight, to a distance of several miles, 
for example,-recourse must be had to wire. He  believed that 
such guns could be made by that system ; but  he  doubted if they 
could be manufactured  in any other way. 

Mr. BASHLEY BRITTEN said, one of the  reasons  assigned in the 
Paper, for its being necessary to discover a better method of 
making guns, than  that which had previously existed, was that for 
rifled guns, with elongated projectiles without windage, cast iron 
would not stand. It had recently been asserted, that  all  the 
cast-iron guns rifled in England had, without a single exception, 
been burst, before the experimental trials were concluded. This 
statement was calculated seriously to mislead. A t  the same  time 
it was remarked,  that  the  French  had succeeded in rifling a great 
number of old  iron ordnance. This fact proved, that cast  iron 
was a better material than  it was generally considered to be. 
He  adverted to this point, because, for many years past, he had 
been endeavouring to improve the efficiency of the  existing stock 
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of guns, by converting  them  into rifled cannon. He had  made  a 
considerable  number of expcriments,  during  the  last six years, 
at Shoeburyness, and would state,  generally,  the  facts  elicited. 
He  had, altogether, tried seven guns,  made  entirely of cast 
iron. Five of these were ordinary service guns,  not  strength- 
ened  in  any way. They had been put into a lathe, and five 
shallow grooves, each &h of an inch deep, had been cut down 
the bore. Tvo  of these  were 9-pounder field-puns, weigh- 
i n g  17 cn7t. ; two  were 32-pounders,  weighing  about 56 cwt. ; and 
one was a 68-pounder,  weighing 95 cwt. There  had been fired 
from  the  9-pounder  guns fifty-four rounds ; from the 32-pounders, 
one  hundred and eighty-one  rounds of heavy shells, with  heavy 
charges of powdcr ; and from the Wpounder, twenty-six rounds 
of shells,  weighing  from 90 lbs. to 100 lbs. each,  and  capable of 
containing  nearly 8 lbs. of bursting powder. Up to  this time, no 
gun to which this system had  been  applied,  had  been  burst,  or 
injured. The rifling of these  guns  had  enabled conical instead of 
round  shot  to be used, and  the projectiles were, generally,  about 50 
per cent. heavier than  the service solid shot; whilst'the conical 
projectiles were shells, possessing a  capacity for a  bursting  charge 
three  times as  great  as  that of the spherical shells. With these 
shells and  the rifled guns,  an increased range of several hundred 
yards  had been  obtained, at 10" elevation, beyond the  range of 
similar  guns, before they  were rifled. The results of some experi- 
ment.s with the  32-pounder  guns,  as smooth bores, and  the  same 
guns when rifled, were given in  the following Table :- 

of Powder 6 lhs. 10 ibs. 
-___~._ 

Elevation 4tQ. Elevation loo. 
_____ 

Ft. In. Yards. 
9 7 2,026 
9 7 2,125 
9 9 2,100 
9 4 2,078 
9 3 2.063 

In line 
Yarda. 

2 left 
54 right 

2 right 
51 left 1 . 1 " 1 9 2 1 3;570 1 1 right I! 9 6 1 1;gRO 1 I n l h e  1 9 6 I 2;768 I 40l& 

l 1  1 

It would thus  be seen, that  at an  elevation of 10". 22', the smooth 
bore, with a range of only 2,724 yards, varied i n  accuracy to the 
average  extent of 23  yards fiom the line of aim, while the rifled 
gun,  at loo, varied at  a range of 3,562 yards, only 3% yards. 

These facts afforded a practical  refutation of the  assertion, that 
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the cast-iron guns were incapable of being rifled. H e  believed, that 
at  Woolwich,  on shipboard, and at the various home and colonial 
stations, there were not lees than  fourteen, or fifteen thousand of 
these guns. If they could not be improved up  to something like  the 
new standard now looked for in artillery, no doubt they must be 
sacrificed, at any cost, and  others cjf a more elaborate and expen- 
sive workmanship be substituted. H e  ventured to assert, however, 
not only that these guns  might  all  be rifled, but  that they  did  not 
positively require strengthening for this purpose. They could be 
strengthened in the  manner  that  had been suggested, and perhaps 
it might  be  advisable  to do so, because if stronger, heavier projec- 
tiles could be employed. But he thought they should first be rifled, 
and then, if desirable, they might be adapted for  heavier work. 
The rifling need  not cost more than  about  thirty shillings for each 
em, and  the operation could be effected with portable,  hand-labour 
:fling machines, either on board ship, or wherever the  guns  might 
happen to be. I t  was not nec,essary that they should all be brought 
to Woolwich. H e  was convinced, that these guns did not abso- 
lutely need strengthening previously to being rifled, because he 
contended, that  the recoil of a gun afforded a comparative indica- 
tion of the  strain from within;  and  the superior results, he had 
mentioned, were obtained with less recoil than was usual with the 
service charges. The  average recoil of a 32-pounder gun, on the 
platform at Shoeburyness, with the service charge of 10 lbs. of 
powder and a 32-lbs. solid shot, was 9  feet 3 inches. The rifled 
gun, with a 50-lbs. shell and 6 lbs. of powder, only recoiled 8 feet 
11 inches, and with 5 lbs. of powder, only 7 feet, or 2 feet 3 inches 
less than  the usual recoil. This fact. was inconsistent with the idea, 
that  the rifled gun was endangered by additional  strain. H e  was 
aware that several attempts  to rifle cast-iron guns  had failed ; and 
it was not surprising, that  frequent failures  should beget mistrust. 
But he believed these failures had arisen, because the  guns were 
tried in  such a way as to involve an immense amount of unneces- 
sary  strain. If  the bore of a gun was converted into a female 
screw, having a sharp pitch, and t,he attempt was then made t,o 
drive through it a hard iron shot with a velocity of 2,000 feet per 
second, the friction on the sides of the gun would  be so enormous, 
that  the  gun must have extraordinary  strength  to withstand it. 
This,  he imagined, was the case with the cast-iron 95-cwt. guns, 
having bores only about 5 inches  in  diameter, rifled and  burst by 
Mr. Whitworth ; and  it was the same, though in a less degree, 
with the  Lancaster gun. The fact of its having been found neces- 
sary to make  the  Lancaster shells of wrought, instead of cast iron, 
proved this. The shot was liable to  get  jammed  in  the bore, and 
then, if the  gun was not of great  strength, it burst. I t  should not, 
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however, be argued from those failures, that Mr. Britten's systcnl 
must also prove abortive. 

In  considering the question of additional  strain on rifled guns, 
the  character of the projectile was a most essential point. H e  
used a compound shell, on the principle of the Enfield  bullet. 
The body of the projectile was of cast iron, and a band of lead 
was secured firmly to  the iron, so that  no disruption could take 
place. The soft metal was placed just where it was calculated to 
expand,  to fill the bore, and to take  the rifling.  By exanliuing the 
shells which had been fired, it would be seen, that  the lead only 
extended €or about 2 inches-  up  the sides, where the  marks of 
the rifling showed itself. All  the hold of the rifling was on the 
five thin projections of soft lcad, &$h of an inch thick. It wits 
impossible they could offer  sufficient opposition to  the egress of 
the shell, to cause the  gun to burst. Some of these shells had 
been fired with such heavy charges of powder, that  the  lead  had 
been entirely sheared away by the rifling, but this was all  that 
could happen. The shot could never get locked in  the bore. 

For field artillery,  he was certainly of opinion, that cast  iron was 
unsuitable. Small wrought.-iron, or steel, guns could be easily 
made,  having  the  important advantage of superior lightness. Rut 
as the size of forgings increased, the expense was so great as to 
become a serious question ; and  the saving of a few  cwt. in ship 
guns could not in itself be worth the outlay. Some idea of the 
comparative cost of cast and wrought-iron guns  might be  formed 
from the fact, that  the  Armstrong 12-pounder 3-inch gun, weighing 
8 cwt., cost, it was said, 22250, while the value of the cast-iron 
9-pounder, weighing 17 cwt., was less than  ~€20.  With one of 
these 9-pounder guns, he had obtained  a range, at 10' elevation, 
of 3,250  yards, with 1% lb. of powder and a shell weighing 14 Ibs. 
I t  had recently been stated in the House of Commons, that  the 
range of the  Armstrong  12-pounder field gun, fired a t  7 O  elevation, 
was about  2,480 yards, and  at 9" elevation, 3,000 yards, which 
Mr. Britten  had equalled  in 1855. 

So much had been recently  said about  long  ranges of  five miles, 
that  it  might seem trifling to talk of only two, or three thousand 
yards. But  he  gathered from the opinions of practical artillerists, 
that a range of five miles was, in itself, of comparatively little use. 
A t  that distance, it could never be  expected to hit a moving object 
like a ship. T o  do so, the  exact position of the object  must first 
be  determined,  and then the elevation must \)e calculated, so that 
the shot might be sent up into  the sky, and be  literally  dropped 
from the clouds right down  upon the deck. It seemed to him, 
that some great authorities on rifled cannon were engaging in a 
contest about a minor point, in constructing guns of small bore, 
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with the  single object of enormous length of range. There was 
no  doubt, that a small bore would give great  range, at high 
angles of elevation, but it did so at the sacrifice of that which  was 
of far more value, great capacity of shells. Small holes, caused 
by shot only 3 inches, or 4 inches in diameter,  through the sides of 
a ship, would never sink her. But a shell, containing 8 lbs., or 10 lbs. 
of powder, bursting between decks, would so rend everything 
asunder,  that a few such shocks would sink the  largest line-of- 
battle  ship afloat. Such shells as these he  had fired from a 
common cast-iron %inch rifled gun ; and at the practicable  dis- 
tance of two miles, they  might be so fired, as scarcely ever  to miss 
an object the size of a gull boat.. It might be  advisable  to have 
on board  all ships of war, a few small-bore guns, for skirmishing 
a t  long ranges, but  they would never decide actions. Battles would 
be fought  and won at  nearer  ranges ; and directly the distance was 
shortened to within two miles, all  the  advantage of the expensive 
wrought-iron guns ceased, and  the cheap cast-iron ordnance would 
then  be  just  as effective,-indeed, far more so, if  of larger calibre. 

The performance of different guns should not  be compared for 
range alone. The  charge of powder, the size of the bore, and  the 
resistance of the  air to the  larger projectiles, and  the probable effici- 
ency and  actual results  should all be taken  into consideration. That 
was the most perfect instrument, which used to the best advantage 
the power applied to it. H e  contended that no results, hitherto 
obtained, with any breech-loading  cannon had, when all these 
points were considered, established any superiority in breech- 
loaders over the  far more easily constructed, less complicated, and 
less delicate guns which were loaded from the muzzle. Whenever 
screws formed a portion of a gun, there was, necessarily, con- 
siderable  liability to injury from rust  and other causes ; and  bearing 
in  mind  the  rough work that  guns were subjected to, involving 
long-continued exposure to damp  and wet for sea and garrison  ser- 
vice, he could not but think, that  this was a serious objection. It 
might be true,  that  men would not  be so much exposed at port 
holes when loading breech-loaders. But  the introduction of rifled 
guns would cause actions to be fought a t  long  ranges ; and when, 
for instance, ships were engaged only half-a-mile apart,  it would 
be impossible to see whether men were exposed, or not, during  the 
process of loading. 

Mr. Britten considered there was a great  deal of misconception, 
as to the  advantages to  be  obtained by the employment of small- 
bore guns and projectiles of great length. At very high elevations, 
such projectiles, undoubtedly, had  longer  range, because from their 
greater weight and smaller area of transverse section, they were 
less impeded by the air, and maintained their velocity during a 
longer  time of flight. But  it was a mistake  to suppose, that at low 

[1859-60. N.s.] 2 I3 
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elevations  they  had  any  advantage, in point of range, over the 
larger projectiles which  he had fired from rifled service guns. In 
order  that this  important  point should be fully understood,  he  had 
prepared  a  Table,  giving  the results of his experiments,  and  he 
had  added  the results, as published in  the newspapers, obtained 
with the  Armstrong  and  the  Whitworth guns :- 

i Bore. T; 
Diameter 

Riflcd  9-poundcr  Ser-) I 
vice  Gun, Cmt Irou, ' 4'2 
17cwt. . . . .l/ 9 '  

Rifled  32-pounder Ser- 

56 cwt. . . . . 
Riflcd  68-pounder Ser- 
Similar Gun . . . 6Ik7 

Smooth  Bore 68-poun- 

Cast Iron, 95 cwt. . 
Armstrong Breech ( 1  

loader, Field Gun2 . ' ' 
Ditto Large Gun . . 6" 
Whitworth  Breech 

' 

Ditto,  Large  Gun,{ 
Weight 80 cwt. . . 

. _  
I- Prnjectilc. 1 Elrvn- 1 I l 

l 1pocitg~ tion. 
- 
cgrees. 

10 
5 

3 
44 

10 

10 
9 ,  

9 9  

9 9  

0.30' 
1 
5 

14 

5 
3 

10 
10 

2 

10 
5 

5 
7 

10 

9 9  

h1W. 
' 

-- 
larda. 

! ,000 
1,200 
[,G00 
3,100 
1,100 
1,600 
3,700 
3,150 
3,560 

3,700 

3,900 
340 

1,960 
640 

3,480 

1,820 
I ,200 

3,030 
3,900 

2,300 
1,250 

3,780 
2 ,  G00 
3,490 
4,400 

Vclocity 
Mean 

!I' secolld. 

Feet. 

Not oh- 
served. 
1,122 
1 , O H ;  

930 
900 
740 
850 
920 

955 

948 
2,040 
1,280 

939 
714 
D23 
900 
826 

Iuitial 
velocity 
about 
1,300 
fect per 
sccond. 

- 

l 

It would be seen from these figures, that  up  to  about 10" eleva- 
tion,  the rifled cast-iron guns  had at  least as  long  a  range  as  the 
wrought-iron  breech-loaders  with  equal  charges;  and  that a t  less 
than 5" elevation, the rifled service guns  had a positive superiority 
in this respect. Nor was this  all. The velocity  with  which the 
rifled service guns  projected  their  shot, even with smaller  charges 
of powder,  was much greater  than was the case with the  brecch- 
loaders. In  the Official Reports of Mr. Britten's  experiments,  the 
time of flight of each  shot was carefully  recorded, so that  there was 
no difficulty in ascertaining  the  mean velocities a t  the  different 

Vide Range Tables in Horse  Guards  Manual,  published  by  authority. 
' Service round shot, prepared by Mr. Britten  to  suit riflcd e n s .  
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ranges. The mean velocity of his 49-lbs. shells, fired from the 
32-pounder rifled service gun, was thus shown to  be 1,120  feet per 
second, in a range of 1,600  yards ; the 56-lbs. shell, with 7 Ibs.  of 
powder, had a mean velocity of 955 feet  per second, in a range of 
3,700 yards ; and  the 00-lbs. shell, 8 inches in  diameter, with only 
8 lbs. of powder, or one-eleventh of the weight of the projectile, had 
a mean velocity of 920  feet per second, in  a range of 3,560 yards. 
When, therefore, it was stated,  that  the velocity of the  Armstrong 
projectiles, on leaving  the gun, with charges of one-eighth of the 
weight of the shot, was only 1,080 feet  per second, and  that of the 
Whitworth shot, with a charge of one-sixth, was under  1,300 
feet per second, he thought it might safely Le asserted, that  the 
muzzle-loaders did more work with the power applied than  the 
breech-loaders. 

In order  to show the great effect of the resistance of the  air in 
diminishing the velocity of large bodies during flight, the mean 
velocities, at different ranges, of the  68-pounder service solid shot, 
with full service charges, were given in  the  Table.  These figures 
were officially determined, from practice on board  the ' Excellent ' 
gunnery ship. It would be seen, that at 340 yards, the mean 
velocity of the service solid 68-pounder  shot was 2,040 feet  per 
second;  but this mean  speed  fell off to 714 feet  per second at  the 
range of 3,480  yards. The  same gun, when  rifled, threw a 90-lbs. 
shell, 3,560 yards,  with a mean velocity of 920 feet ; it was there- 
fore  probable, that  the  initial velocity, in  this case, must be very 
much more than was obtained by the breech-loaders. This was 
remarkable, when it was remembered, that  the S-inch shells had 
the resistance of the air upon 51 square inches, the  sectional area 
of the shell ; while the  Armstrong  and  the  Whitworth projectiles 
had a sectional area of only 28  and  21  square inches respectively, 
and were fired with much heavier charges. From these facta he 
inferred,  that for horizontal fire up  to  2,000  yards  range, which 
was the service most required,  his  large-bore guns were in  no 
respect  inferior  to the new small bores, while in many  points they 
were far more serviceable. 

There was one other point to which he would advert. The 
cost of an %inch cast-iron gun was about &loo, while it was 
doubtful  whether either of the new rifled breech-loaders of the 
same size, which had been so much spoken of, could be  made 
for much less than g1,OOO. Then  the projectiles for these breech- 
loaders would be costly. A t  present, he believed every shot for 
the  Armstrong  gun  had first to  be  turned accurately cylindrical, 
then a considerable  number of grooves had  to  be  cut  round  it  in 
order to hold on the  lead, which had afterwards  to  be  turned 
again. The shot for the  Whitworth  gun would be also very expen- 
sive, if, as was asserted, it had to be put into a planing-machine of 

2 B 2  
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curious construction, and each of its six  sides  planed wit,h the 
utmost nicetry into  the form of a screw, to fit the rifling. On  the 
other  hand, Mr. Britten’s shells were plain  castings, and would 
cost so little more than  the common spherical shells, that  the 
saving of powder, required to project them,  would be  an equivalent. 
This was a point of great importance,  for the expense  incurred in 
the cost of guns was trifling, in comparison with the cost of the 
projectiles to be thrown. 

The system proposed by Mr. Britten would, in his opinion, not 
only enable the  present service guns to be utilised, but he had 
shown, that  the round shot  and shell of all kinds, now in store, 
could be  adapted, with great advantage, to  suit  the rifled service 
guns. The common 32-pounder  round shot, when prepared with 
lead, so as to  expand in the  gun,  and when fired at 10’ elevation, 
with only half the usual service charge of powder, had nearly 1,000 
yards longer range,  than on the old system. The 32-pounder shot, 
when thus  adapted, weighed about 41 lbs., and  at 10” elevation, it 
attained a range of 3,750 yards, with 5 lbs. of powder; while the 
ordinary 32-pounder service shot, at the same elevation, only had a 
range of 2,800 yards, with 10 lbs. of powder. The cost of pre- 
paring  the  shot  and shells with lead, in the way proposed, would 
be considerably less than  the value of the powder saved; so that 
this advantage  might be obtained, and a positive saving of expcnse 
be effected at the same time. 

General Sir JOHN FOX BURGOYNE observed, t.hat the subject be- 
fore the  Meeting, was one requiring  the  deep  study of professional 
men, having a knowledge of the application of iron to bear different 
trials. His principal  researches had been as to  the practice with 
the  gun  after  it was made. Some of the observations which 
had been offered did not  quite  accord with his views. I t  had been 
said,  that it, would scarcely be possible to  make fortifications, to 
withstand the effects of these heavy guns. H e  thought, however, 
they would not affect fortifications in so great a degree. Sup- 
posing, for  instance, a fortification to  be thoroughly covered with a 
ditch and count,erscarp, the escarp being  thus entirely covered, the 
besiegers  must get close to it before a breach could be made. 
Long-range  guns  might  help  to destroy the  parapet somewhat 
earlier ; but if the place was provided with cascmates, it  must be 
closed with, and  then  the old service guns were as good as the ncw 
rifled ordnance. I n  fact, they were better, as the velocity for the 
first 400 yards, or 500 yards was greater,  although it was not maiu- 
tained as in the rifled gun. These  guns would also be  available  for 
defence, as well as offence. A remark  had been made, as to the com- 
paratively  small value of long ranges, such as the one of between 
five miles and six miles obtained by Sir Willianl Armstrong, and 
Mr. Whitworth. That  great  length of range was, perhaps, not of so 
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much importance in itself, but it was an indication of other qualities. 
I t  was a proof of superior  accuracy and  greater power of pene- 
tration. It likewise gave  the power of firing at lower angles of 
elevation, which was of great value. The  Armstrong and the 
IYhitworth guns were very perfect, light, of beautiful workman- 
ship, and of great  strength.  If  better could be devised, it ought, 
by all means, to be done ; and  he hoped that  the  Members of this 
Institution would assist in bringing  about  still  greater improve- 
ments. With  regard to the expense of the  manufacture of the 
Whitworth shot,  he might  state,  on  the  authority of that  gentle- 
man, that  the  additional expense in  shaping was not more than a 
penny  per shot. 

Mr. JOHN ANDERSON said, he would endeavour to confine him- 
self to  the ostensible object of the Payer,-the best principle of 
constructing a gun, so as  to  afford  the  artillerist  the  full develop- 
ment of the gunpowder  used  to throw the projectile. The  Author 
argued,  that  the system of constructing a gun  by binding it 
round with wire, was the  true one. H e  fully coincided in  that 
opinion, on  theoretical grounds ; but a t  the same time, he agreed 
with the  remarks which had been  made, as  to  the diffieuity of 
applying  that material. The  great objection to the wire 
system was, that it had no  end-hold, and  thus it could not  be 
depended upon, for  forming a good breech, and producing a 
substantial  and thoroughly good serviceable gun. H e  believed 
that Fig. 18, (page 318,) represented the construction of a gun, 
which the  Author  thought would be most likely to secure the 
object upon that principle. While  agreeing with the principle, 
Mr. Anderson  thought  there were many better ways of carrying 
it out. Before stating his views on this point, however, he would 
a.llude briefly to what had been said  in favour of cast iron. H e  
did not think  the  great results  expected by the  artillerist, would be 
secured by the use of a homogeneous material  like cast iron. It 
was most uncertain  in character ; one day a gun stood well,  while on 
auot,her  day, it burst,  without giving any warning, even when the 
same  amount of care  had been taken by t,he founder. Great 
expect.ations had been raised, of late years, by  the system of 
strengthening cast iron by the  employment of wrought-iron 
hoops. Without  entering  into  the question of the priority of 
invention, he  might say, that  great  results  had  already been ob- 
tained by the use of wrought iron  in  that manner.  Still, 
taking  into consideration the risk of failure, which experiments 
made within the  last few days showed was possible, together with 
the expense, he t.hought another direction held out a better pros- 
pect of success. A few years age, it was believed, that  the 
proper  gun would be obtained by forging. In  1854, when 
Mr. Nasmyth was at- work, the conntrv expected great  results, 
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The end of that  gun  might  be said to  have  been a national dis- 
appointment.  Since  then,  there  had  been  the  Liverpool  gun, a 
monster  mortar, which  was referred  to in the  Paper. I t  was a 
magnificent forging,-the finest he  had  ever seen,-yet it was not a 
perfect gun. The bore of that  gun would never have passed the 
proof of the  artillerist. There were  defects in it,  and  that would 
always be, more, or less, the case, in the  heart of all such large 
structures when forged. A t  the  present moment,  there were at  
Woolwich some apparently very fine  forgings, which  were defec- 
tive,  owing to fissures a t  the  core, and  more especially, in the 
chamber at  the  breech.  Therefore,  he  did  not  think  the  good  gun, 
which all were aiming  at, would be obtained by the system of 
forging. So far as his own experience went, the  best  result was 
to he obtained by building up, on the principle of hooping. When 
he  spoke of the  best  result,  he did not  mean  the  mere  conditions 
of  supplying  the  wants of the  artillerist,  but he had  also in view 
the important,  question of cost. I n  reference  to  the cost of 
Sir William  Armstrong’s  gun, which had been alluded to, he might 
st,ate,  that  the  12-pounder  gun, complete, was now being  made 
at  Woolwich at  a cost of under g90 ; this was about one half 
the cost of the  old  12-pounder  brass  gun,  the  value of which 
was $175. 10s. When it was remembered,  that in  the one case 
the  material cost about & l 9  per  ton,  and in the  other  about 
$125 per  ton, together with the  great difference in  weight, 
there was a large  margin to  work upon. Having  had  consider- 
able  experience in  this  question for  many  years, he might  say, 
that  it  appeared  to him, that  the  gun of the  future  must  be a 
built structure. H e  was not now prepared  to say precisely how 
the  detail of the  structure was to  be  carried out,  whether with 
a wrought-iron, or a steel lining  to  the bore,  supported with a 
covering of wrought  iron  under  compression;  but he maintained 
that  it must be a built  gun. From the  readiness with  which 
wrought  iron could be  worked into  the  handy  form of a  bar of any 
section, by means of the rolls of the  iron-maker,  and  the  equal 
facility  with which this  bar  might  be wound upon a  mandril,  in a 
sort of lathe,  and  then welded  into a tube, or drum,  a  degree of 
cheapness,  combined  with  extraordinary  strength, was secured, 
in a manner  not  equalled by any  other  method  yet  introduced 
into  the  iron  manufacture.  When  the  system of tools was 
adapted to  manipulate  the  material  into  the  right form, the 
greatest  amount of strength would be obtained by the built  gun, 
consisting of such hoops, or drums,  shrunk, or forced together. 
This was the principle, which Sir  William  Armstrong  and  others 
were now working  out,  and it appeared to  he that which  would afford 
the  greatest strength, and wouid constitute the  cheapest  descrip- 
tion of structure for guns. He thought,  that  the cost of obtaining 
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this  peculiarity of construction had been  over-rated in  the  Paper. 
I n  olden times, there was a difficulty in working to  the &h  of an 
inch : but  the mlp,th of an inch was now measured with as much 
case  as was formerly the case with the -&h, or &nd of an inch, 
Although it might  not be possible to bore to  the d o 0 t h  of an 
inch, yet by means of turning-, a gun could be most accurately and 
economically put  together. H e  had  said that  the wire system was 
defective, inasmuch as  there was no end-hold. Looking a t  Fig. 18, 
(page 318,) it would be seen, that a band was passed  round the 
breech. T o  his  mind, that was not  the  right principle of con- 
struction ; nor did he think  that was the  kind of gun which was 
likely to come into use. 

In  reference to  the complaint which had been made  in  the 
Paper, as to  the  treatment of the Author’s invention by the 
Ordnance Select  Committee, Mr. Anderson,  having had  the 
honour of being a member of the Committee at the time, would 
like to  make a few remarks. H e  would ask whether  any  ten in- 
dependent men,  having undertaken  the responsibility of‘ recom- 
mending a gun which involved the  expenditure of hundreds of 
thousands of pounds, would not even now hesitate, before recom- 
mending the wire system of constrnction? H e  thought  there were 
few persons who, having  to  make a selection, would advise the 
construction of a gun upon the wire system, after knowing what 
Sir William  Armstrong aud Mr. WhituTorth had done, with 
built wrought-iron and steel guns, on the principle of hoops shrunk, 
or forced on. 

Mr. CLAY said, that having  designed and manufactured the  large 
gun which had been made at the Mersey Company’s Works, he 
might, perhaps, be permitted  to say a few words on  this subject. 
The Author  had called attention to the difference in  the tensile 
strength of the  material forming the inside and  the outside of large 
forged ordnance, and  had observed, that  the  same  thing  had been 
noticed in  the gun made at the Mersey  Works.  Moreover, it had 
been stated,  that  large masses of metal, forged in that way, must 
be subject to inequalities of structure, which rendered them unfit 
for heavy ordnance ; and  that  the  gun  in question was, on that 
account, untrustworthy. Now the  gun was tried a t  Liverpool, 
before it was delivered to  the Government, and was then pro- 
nounced by the officers from Woolwich to be fit for Her  Majesty’s 
service. After  that, it was subjected, at Shoeburyness, to nearly 
double the  charges which were used a t  Liverpool. Hundreds of 
rounds had been  fired from that  gun,  yet it was still as good as 
on the  day it was first made. With  regard  to  the systems of 
hooping guns, and of covering them with wire in a state of tension, 
011e thing  had escaped notice ; that was, the variation in  the 
amount of expansion and contraction in different qualities of iron. 
I t  llad been stated,  that  an  error of a&ath of an inch  would cause a 
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serious  difference, in  regard  to  the tensile strain which  would  be 
brought  upon  the  several  parts. Now he believed it would  be  found, 
if careful  experiments  were  made,  that  different  descriptions of 
iron would vary more than s b t h  part of an inch, in the rate of 
expansion and contraction. €le knew that iron and steel  differed 
much in  their  expansion  and  contraction,  and  he  thought  it would 
be  found  to  be  the case with iron  generally,  according as  the 
crystallized, or fibrous structure  predominated. H e  considered  it 
was a dangerous system to pursue, to  build up guns with concentric 
hoops, as no  dependence could be placed  upon  the  degree of 
initial tension with  which they were shrunk on. Some  remarks  had 
been  made as to  the liability of hydraulic presses to burst. He 
had  made many large cylinders, and was not  aware of one having 
so failed. The presses used in the  manufacture of lead pipes were, 
perhaps,  subjected  to  the  severest  test  to which cylinders could be 
exposed. I t  had been said,  that  the process of forging was not  the 
proper one for the  nlanufacture of ordnance. I t  so happened,  that 
at  the present time, he  had before the  Select Committee, a plan to 
make  ordnance  by a different method. H e  was not  at liberty to 
describe  the method, but he might  say,  .generally, it was  by the 
rolling process. I n  several guns  made  m  that.  way,  he  had  not 
found  a  single defect, either  in the bore, or in any  other  part. He  
had recently fired,  in the presence of a  number of Artillery Officers, 
twenty-two balls, with a cylinder  projecting 12 inches from the 
muzzle, with 11 lb.  of  powder, out of an iron gun with a bore of 29 
inches. A steef gun was also tried in the  same  manner.  He con- 
sidered  that  the  manufacture of ordnance was still in its infancy ; 
but  he  trusted,  that  as  the  public  mind was  now directed  to  that 
particular science, important  improvements would be  int,roduced. 

Mr. VrGNoLEs observed,-through the Secretary,-that the  gun- 
powder experiments of his grandfather,  the  late Dr. Charles  Hutton, 
had  been very carefully  made and  often  repeated.  The calcula- 
tions and  deductions from these experiments, showed results  equal 
to  a  pressure of 17 tons  per  square  inch on the metal of the  gun. 
This  had  appeared, to the  President, when first mentioned, as very 
high,  but he had since observed, that his own calculations  brought 
out even 20 tons. Mr. Vignoles  remarked,  that from data  recorded, 
his  calculations  induced the conviction, that the pressure was often 
nearer to 30 tons, than  to 20 tons on the  square inch. On men- 
tioning  the  subject  to  Professor  Airy,  (Hon. M. Inst. C.E.,) that 
distinguished  mathematician  and philosopher expressed  the opinion, 
that  under  certain circumstances, the force of gunpowder was  much 
greater  than  had been  stated. Mr. Vignoles  thought,  that  atten- 
tion should at  once be directed  to  this point, of so much import- 
ance, and so easy to be  determined,  in  order  to  put  the  nlattcr 
beyond  dispute ; and  thus  the principles .on which this  cnormous 
pressure was to be counteracted, would  be clear of all  doubt. 
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Mr. HADDAX stated,  that his  operations  had  been  limited  to  the 
existing service gun. He  started with this axiom, that for a cast- 
iron gun  the rifle twist should be as slow as possible, so as  to 
establish only such an  amount of rotation of the projectile, as 
would insure  its  travelling point foremost throughout  its flight, 
and  that  any  greater  extent of rotation was  useless. Another 
essential  point was, that  the rifling should weaken the  gun 
as  little  as possible. H e  assumed,  that if the rifle cuts, or 
grooves, were angular, or square,  they would have the  same 
effect, as  nicking a bar of iron  intended  to  be  broken ; whilst 
broad  and shallow grooves, or cuts, would not  destroy 6he 
elasticity of the  gun. An ordinary  68-pounder  cast-iron  gun 
had  stood  firing, with shells 115 lbs. in  weight, and considerable 
charges of powder, without  bursting. H e  believed the  plans of 
Mr. Whitworth  and  Sir W.  Armstrong  were  inapplicable  to  cast- 
iron guns, and  hence resort was had  to  built  guns of malleable 
metal. The  large cast-iron guns which had been bored on the 
Whitworth  system,  and  the  calibre of which  was small,  had  burst, 
owing, as Mr. Haddan believed, to  the quickness of the rifle  twist. 
He  had fired a shell, (of which a specimen was exhibited,) weighing 
90 lbs., with the rifle twist, only about one turn in 40 feet, whilst 
the  Whitworth  3-pounder  had a twist of one  turn in 40 inches. 
The Government  report  upon  the  experiments with a service 
68-pounder  cast-iron  gun, rifled upon the principle he had 
adopted, showed that  he  had  obtained  equal  ranges,  charge for 
charge,  to  the  Armstrong  gun. H e  believed, that  the  length of 
range  depended  upon  the  charge of powder used;  and on that, 
ground,  he  invited comparison with the  results of Mr. Whitworth‘s 
and  Sir W. Armstrong’s experiments. I n  the  generality of cases, 
he understood  the  Armstrong  gun  had  been  tested with a charge 
of powder  equal  to  one-eighth  the weight of the projectile; 
whilst in Mr. Whitworth’s  experiments  the  charge of powder 
appeared  to be only one-fifth the  weight of the projectile. Again, 
in considering  the  flight of the projectile, it  was important  to know 
whether it was  hollow, or solid. The  large shell weighing 90 lbs., 
which he exhibited, was 8 inches  in  diameter,  and was made  to con- 
tain.a  bursting  charge of nearly 6 lbs. of powder. Mr. Whitworth’s 
90-lbs. shot was solid and was only about 5 inches in  diameter. 
With the  same  charge,  therefore, Nr. Whitworth’s would neces- 
sarily have a  longer  range. 

I n  a  letter  to “The  Times,”  Sir W. Armstrong said :- 
“With  respect  to  ranges  exceeding 2,000 yards, I may  state, 

that on previous occasions the  gun  had been tried up to 3,000 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



362 CONSTRUCTION OF ARTILLERY. 

yards,-a distance which was reached with an elevation of ]l0,- 
a n d  the usual charge of 10 ounces of powder, or one-eighth the 
weight of the projectile. By augmenting  the  charge  the  range  is 
increased, but  the accuracy is impaired, and I therefore adhere to 
the 10-ounce  charge, which gives ample penetration, as  the ex- 
periments at the  butt will testlfy.” 

The  shells  adopted by Mr. Haddan were fit for use, without 
any manipulation, after  they came from t,he founder’s hands;  and 
he could obtain a long  range, with a small  charge of powder, as 
compared with the weight of the projectile, and as he believed, at  
a very small cost. I n  corroboration of this remark, he would 
state,  that  the two shells exhibited, had been cast at the Royal 
Foundry, at Woolwich, and Mr. Davison had informed him those 
shells, fit for service, would not cost more than  the ordinary 
service shells, or not exceeding &5. 6s. per ton. A common 
service gun, rifled for him by Messrs. Napier, York Road, Lambeth, 
was tried at Shoeburyness on the  23rd of February, 1859. From  thc 
Government Report it would be seen, that  the  charge was 10 lbs., 
the elevation loo, and  the  range 2,900 yards. The projectiles 
weighed on an  average 90 lbs., and were capable of containing 
about 54 Ibs.  of powder. Both the deflection and  the  range were 
very uniform. If, therefore, cast-iron guns were not all  that was 
desired,  yet for many  practical purposes, it was evident they 
might  be  made  largely available as rifled ordnance. He  thought 
it would be  generally agreed,  that before the  Government  in- 
curred  the serious expense of making wrought-iron guns of large 
size, it should  be placed beyond doubt, that  the present service 
guns were not available. At present there was no proof, that cast- 
iron  guns could not be used. A statement  had been  made, that 
every cast-iron gun  that  had been rifled, had failed, but  that was 
utterly untrue. Mr. Britten  had rified several service guns, and 
not one of them had burst. The guns experimented upon by 
Captain Scott, R.N., Mr. Jefferies, and others, had  not burst,  nor 
had the 68-pounder, rifled by himself, been injured. 

Referring to the employment of lead,  in  the construction of 
the projectile, he said that  he  had always thought  it objectionable, 
and therefore,  did not make use of it. H e  preferred a wad of 
wood, or  other material, and placed it at thc conical back of the 
projcctile. The first blow  from the explosion of the powder drove 
the wad tight round the projcctile, and caused it to expand so as 
to fit the gun. There was thns no loss from windage. This pro- 
jectile possessed all  the  advantages of the lead-coated one, and in 
addition, the wad b-as cheaper and cleansed the  gun ; there was no 
difficulty as to  transport, and it was immaterial how rusty either 
thc  guns,  or  the shells might be. By means of the broad sldlow 
grooves, or cuts, he did not matcrittlly weaken the  gun, and by 
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giving to the rifling a slow twist, of only about one turn in 40 feet, 
there was little  strain on the  gun when discharged, and therefore, 
little, or  no tendency to  burst it. H e  had  lately  had two 32- 
pounder service guns rifled by Messrs. Napier.  They  had been 
tested with 56-lbs. shots and a charge of 7 lbs. of powder, and 
neither of them had burst. 

When his proposition was brought before the Government 
authorities, there were already eighteen, or twenty  different plans 
for rifling the service guns. It was suggested, that each should 
rifle a gun upon his own principle, so as to prove practically which 
method would answer best. That  appeared to be a perfectly fair 
mode of proceeding. Whether  the experiments had been  carried 
out by the others he could not say;  but  he understood, that Sir 
William  Armstrong  had  made two attempts with service guns, both 
of  which had burst, and  that Mr. Whitworth had been equally 
unsuccessful. Mr. Haddan was prepared to  take his two rifled 
32-pounder service guns, with the shells, which required no  labour 
to finish after  they came from the founder, and  to fire them against 
those of Sir W. Armstrong  and Mr. Whitworth, with the  same 
relative charge of powder, and  thus to let  the results show  which 
system of rifling was the best. 

Mr. RRAMWELL said the  Author  had stat.ed, that it was a bad 
practice to cast guns solid ; and  in  Fig. 1, (page 290,) he showed the 
assumed  lines of contraction of the  metal In the interior of a gun 
so cast. Every practical man must agree,  that a solid casting was 
objectionable, and  that a gun would be stronger if it were cast 
hollow, so that  the contraction  should commence simultaneously in 
the inside and at the exterior. No doubt,  formerly, from the want 
of the appliances of the present day, difficulties were experienced, 
which caused the plan of casting guns hollow to be abandoned, and 
they were, therefore,  made solid. H e  had upon a previous occasion 
mentioned that,  in  the  American service, Lieutenant  Rodman  had 
introduced the principle of casting  guns hollow. To obtain the full 
benefit from the interior cooling before the outside, water was passed 
through  the core of the  gun,  equal to sixty t.imes the weight of 
the  casting ; the operation being continued for seventy hours, and 
the outside being  kept  heated by  fires. The  result of comparative 
experiments with a solid and with a hollow gun, both  run from the 
same furnace, and  made from precisely the same metal, was that 
the 8-inch gun, cast solid, burst at the seventy-third  discharge, 
whilst the 8-inch gun, cast hollow, with water  passed through 
the core, endured fifteen hundred discharges, and  did not  burst. 
H e  thought  that went a great way to show, that  the principle 
of casting a gun solid was wrong ; and that when it was cast 
hollow, the metal was in  the best condition to  resist  the  strains  put 
upon it. I n  the  Payer  it was stated,  that  the tensile strength 
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of cast  iron, in a  gun  cast solid and  then bored  out, was 8 tons  to 
the square  inch, at  the outside of the  gun,  and 4 tons  to  the  square 
inch, at  the side of the bore. I n  the solid gun  cast by Lieutenant 
Rodman, a sample  cut  out near  the  trunnion showed a tensile 
strength of 44,000 lbs.  for the  outside,  and  31,000 lbs. for  the  inside. 
That also was another  indication,  that a gun  ought to be cast hol- 
low, if cast  iron was used at  all. In the account of the  experiments 
made by the American  Government, it was stated,  that  guns  had 
been tried which had been  kept a  long  time  after  being  cast, and 
before  being  tested. A gun which had been so kept  for  six  years, 
endured  eight  hundred  discharges  before  it  burst; while another 
gun  endured two thousand five hundred  and eighty-two  discharges, 
and did  not  burst.  Guns of the same description, tried  thirty  days 
after  casting,  burst, one at  the eighty-fourth,  and  the  other at  the 
seventy-second  discharge. This  result showed, it was not impossible, 
that  the snperior manner  in which guns  cast some years  ago,  but 
recently  used,  had  stood  their work,  was due  to  their  having 
been  cast  a  long  time,  rather  than,  as was commonly supposed, 
to  their  being of a  better  quality of metal ; and  to  the  strains 
that existed  m  them, from  unequal  contraction, when originally 
cast,  having  ceased, while the  strains in the new castings were 
still exert,ing a prejudicial effect. It was proved, in  the case of the 
two guns  to which  he had  alluded,  that  the  gun which burst  after 
eight  hundred  discharges  had a tensile  strength of 23,000 lbs., 
and  that which endured  upwards of two thousand five hundred 
discharges,  without  bursting,  had a tensile  strength of 29,000 lbs. 
to  the  square inch. Of  the  guns which were tested  thirty  days 
after  being  cast,  the  one  had a tensile  strength of 27,000 lbs., 
and  the  other  a  tensile  strength of 37,000 lbs. per  square  inch 
of section.  Both  these  recently  cast  guns  endured a less  number 
of rounds,  than  those which had  been  cast some years, although 
the  metal of these  latter was  much weaker  than  that of the former. 
It was a general opinion, that  castings  ought  not  to be put  to work 
too soon after  being  made,  and  in  tilting  ingots of steel,  it was 
preferred  that  they  should  stand some days  after  being  cast, before 
being  subjected  to  the  tilt  hammer. It had been the  practice  to 
keep wire for some time between the  ‘drawings,’  in  order  that  its 
particles  might  recover  their  relative  condition,  before  being  again 
subjected  to  strain. He, therefore,  considered  there was a  fair 
prospect, that if good  cast iron was used, and  guns were cast 
hollow and  kept some time, or even if cast solid and  kept,  cast- 
iron  guns  might  be  made successfully. As to  the  tensile  strength of 
cast  iron, he had a sample, which  was broken at  the  testing  machine 
at  Woolwich, that bore 194 tons  to the  square  inch of section, before 
it gave way. He thought  that 8 tons was  too low an  estimate  to 
tttkc for cast  iron, in a  gun. 
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There was another point which had been rather overlooked. 
The explosive force of gunpowder had been variously estimated, 
as amounting to from. 7 tons to 70 tons per  square inch. I t  had 
also been stated,  that  in a cast-iron gun,  the  average strength 
available to resist the pressure that was brought  to bear upon it, 
could not be  taken at more than 24 tons to  the square inch. It 
was quite clear, that these statements of the force of powder and of 
the  strength of iron could not be reconciled. But one thing  had becn 
neglected, t,he area of the section of the  gun which bore the strain. 
If a gun of infinite length were loaded, the metal which bore the 
&rain would be only the  metal at the sides of the  gun,  and  all 
the discussion had been based on  this assumption. If that metal 
were equal on each side  to  the  bore of the  gun,  it followed that 
for every inch subjected to  the pressure of the gunpowder, there 
were two inches of iron in tension, or of metal to be burst through. 
If  there were, as in a 68-pounder with a service-charge, a length 
of about 15 inches, where the  greatest pressure was exerted,  there 
would be  the Same metal at the sides to  burst through,  and  in 
addition, a portion of the  annular section of the  gun,  making 
34 inches instead of 2 inches of metal  to be  broken  through, for 
each inch of area pressed on. This  appeared to be the reason why 
a comparatively weak metal was capable of enduring a pressure, 
which, a t  first sight, it seemed unequal to bear. Regarding the 
metal which had  to resist the  strain in  this way, decreased windage 
might operate  favourably; for although it might increase the 
pressure per square inch in the  gun, yet nearly  the whole power 
of the powder was employed in propelling the projectile, there- 
fore the  amount was diminished, and  the  part subjected topressure 
was shorter ; and thus the  annular section to  be  torn through, bore 
a greater  ratio  to  the  area pressed, than it would with a longer 
charge. If this view was correct, it was an  argument  against 
building a gun with hoops, and still  more against  the ingenious 
plan proposed by the  Author, of covering the gun with wire,  which 
only-gave  radial  strength. He thought, however, that  the plan of 
blndlng' with wire, enabled  an accuracy of strain to be obtained, 
which could not be obtained with hoops. The varying  qualities 
of the  metal and the difficulty of shrinking on hoops to the &$h 
part of an inch, which was said  to be necessary to  insure success, 
were insuperable objections to  that system. H e  did not agree in the 
opinion which had been expressed, that  although a barrel covered 
with wire might be made sound, yet a strong breech could not  be 
formed with wire. I n  some experiments he had made, in con- 
junction with Mr. E. A. Cowper, (M. Inst. C.E.,) with steel wire of 
No. 22 music-gauge, in which, it should be remembered that  the 
numbers  ran  in  the reverse  direction to wire gauge,  the tensile 
power was found to be as high as 142 tons per square inch. Them 
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was another  matter  to be  borne  in mind. Assuming  that hooped 
guns could be  made with the accuracy shown in  Fig. 5 ,  (page 298,) 
when the explosion took place, the whole gun was in  equal tension ; 
but in  time, the hoops in tension would stretch,  and those in com- 
pression would give way. Therefore lapse of time, as  regarded 
those guns, would do injury  instead of good, as was the case with 
cast-iron  guns. 

Cantain SCOTT, R.N., believed, that  the  ordinary cast-iron service 
gun \;ould do ail t h a i  could be fairly required,"and would stand 
rifling, if too heavy shot were not attempted to be fired, and too 
sharp a turn were not given to the rifling. The shot he used 
were plain castings. In  making them, he had endeavoured to 
obtain the form for permitting  the  greatest velocity through the 
air,  and  at the same time, for  keeping up the  rotation as perfectly 
as possible. His shot were cast so as to bear on three groves in 
the  gun,  and were so shaped as to carry round little, or no air. 
I n  this respect they had a great  advantage over polygonal and 
lead-coated shot, with which a large quantity of air must be 
carried  round in rotating.  This defect he had endeavoured to 
avoid, by deviating as little as possible from a cylindrical form. 
When that, or a circular form  was not adopted, as, for example, 
if the shot was polygonal, a greater amount of initial  rotation was 
required, than if the shot were of a figure adapted to  keep up  the 
rotatory movement. Hence, those who had  tried  the polygonal 
form, or who had fired a lead-coated shot out of a many-grooved 
gun,  had been  obliged  to give a greater amount of rotation  to 
the shot, t,han would have  been necessary with fewer projections. 
His plan had also these advantages. The cast shot could be 
cheaply and easily made  in any  number, while there was a difficulty 
in  the  manufacture of compound shot, and in  time of war, he  did 
not see how they could be carried, in  large quantities,  without 
damage. On  the  other hand, the common cast-iron shot could 
be  carried  in bulk, and  be stacked  in the open air, without injury. 
The  guns rifled for elongated projectiles by Mr. Haddan, Mr. 
Britten,  and himself, would also'fire  round shot, and  he felt  certain 
that  round shot would always finish naval actions. The elongated 
shot had this special disadvantage:  it would not, like a round 
ball, at once run home in  charging  the  gun ; besides which, at 
close quarters, no projectile was more destructive than  the round 
shot. A remark  had been made as to  the  greater  initial 
velocity of round shot, and  the  greater injury caused by them 
to parapets,  than by any  elongated shot which had  yet been 
tried. H e  considered, therefore, that  in rifling the present cast- 
iron  guns, it should be done  in such a way as to admit of round 
shot being fired, without damaging  the grooving, and  yet with 
accuracy. There seemed to be a general feeling against  the 
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use of cast-iron  guns, from their fancied insecurity. I t  had been 
said, that cast-iron guns were almost as brittle  as glass, and  that 
they would not  safely stand firing. H e  was astonished  to hear 
such statements, for after twenty years’ experience, as a gunnery 
officer, he  had never seen an accident from the bursting of a gun. 
H e  believed that  in those  instances in which guns had burst, they 
had done so either  through extremely careless loading, or else 
from being exposed to the air for years, and becoming honey- 
combed by oxidation. H e  did not agree with the statement, that 
a gun required a long period of rest  to  gain  strength. He thought 
a few months’ rest,  after casting,  might be necessary for the 
particles to set ; but if a gun was left longer exposed to oxida- 
tion, it became weaker, from the moment oxidation commenced. 

With  regard  to  the mode in which  new guns should be cast, he 
considered there was a great advant,age  in  casting  them with a 
core, because then  the inside skin of the  gun would be strong  and 
hard,  and the metal generally, from its decreased thickness, would 
be more homogeneous. All  that was necessary to convert the 
present gun boxes, for casting with a core, was to  plane their tops, 
and to  have the core spindle made to pass through a properly- 
fitted cover, so as to expand  in  guides when heated by the hot 
metal. With  guns  thus cast, the wearing of the bore,  by the 
elongated  ball, would be very small. Even with the  ordinary 32- 
pounder  gun  he  had  tried at Shoeburyness, which  was cast solid, 
and therefore, had a comparatively soft bore, he could scarcely 
detect a scratch upon the rifling, after firing his cast-iron elongated 
shot. H e  was astonished to find that  the friction, and consequently, 
the  strain  due  to  the rifling, was so little. With respect to  the 
mode of casting  iron  guns,  he believed another  great improvement 
might be effected. At present, from being  cast solid, they were made 
with a degree of hardness which  was injurious to tenacity, in order 
that  the  centre of the  gun might  not  be worn away by the rubbing of 
t,he shot.  Some of the  guns cast a t  Woolwich, which were known to 
be too hard, were not tested in  the first instance. On  being recently 
proved, they  burst as was expected; but those which had been made 
subsequently, stood the highest proof-charge perfectly. Nothing 
definite could be deduced from the bursting of a few cast-iron guns, 
under such circumstances. The factory a t  Woolwich was in  its 
infancy, when the  hard  guns were cast, and only about two hundred 
guns  had been made before the establishment was broken up. All 
new factories were liable  to  make  similar mistakes. The  failure  in 
this case was owing, in  part,  to  the iron used, which was of inferior 
quality  and of extreme  hardness; but when better iron was sub- 
stituted, good guns were made. After  guns were cast, they were 
frequently subjected to a great  deal of rough treatment. The longer 
a gun was allowed to cool, in  the position in which it was cast, 
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the  better;  and if it were cast with a core, toughness of the mass 
might be attained, with sufficient hardness for the rifle grooves. 
The bore, after casting,  should  be  carefully  made straight,  and  be 
smoothed, without taking away much of the skin. A s  to the  outer 
part,  the  gun, when it came from the foundry, was at present turned 
down ; so that  the skin, or that  part of the  gun which  would per- 
form all  that  the wrought-iron bands were expected to accomplish, 
-keep the iron in its natural  and perfect state of compression,-was 
taken off. The  gun was thus not only much weakencd, but was also 
rendered very liable to rust, which, after  long exposure, destroyed 
the  tenacity of the metal. Not content, however, with merely 
removing the skin from the  gun,  it was taken off unequally, 
leaving rings  and patches, and these  inequalities checked the 
proper vibration and expansion of the particles of the  metal on 
discharge. The whole force of the explosion, and  the  rapid 
rubbing of the shot, caused a strong vibration through the gun. 
This vibration was greatest  after  the ball had moved, and before it 
had acquired sufficient velocity to compensate for the  augmented 
volume and increased compression of the gunpowder gases. I n  
the  ordinary service gun  there was a projection round the muzzle, 
and  another round the breech, while at the trunnions there was 
a great patch, which checked the expansion and vibration. 

Another disadvantage of the projection at  the muzzle was, that 
on board ship, it caused the loss of 1' in elevation and 1' in 
depression, as well as 1' in  training  right  and left. Now that 
long  ranges were demanded, to  cut off 1' of elevation and 
depression, for the sake of retaining  the useless muzzle swell, did 
seem  absurd. H e  mentioned  these matters merely to show, that 
this question had  not  yet been thoroughly  examined. No Select 
Committee had sufficient time to  go  into  the  details of the wide 
and  important subject of the improvement of cast-iron ordnance ; 
there was such a pressure of-other business upon their hands, that 
it appeared to be impossible. 

Captain BOXER, R.A., said, the principal  subject dealt with, in 
the  Paper, referred  to the  construdion of artillery, in allusion to 
which, the  Author said,  this was a question, with  which, in his 
opinion, no  one was more able  to deal, than  the Civil Engineer of 
the present day. Captain Boxer could not  concur  in that opinion. 
Although one particular Civil Engineer  might  be better  fitted to 
deal effectually with a subject of this  sort,  than one particular 
Officer of the  Royal  Artillery,  that .was a personal question ; but 
i t  did not affect the general proposition. It must be borne  in 
mind, that it was not only the business and  the  duty of the 
artillery officer to make himself thoroughly  acquainted with the 
properties of various materials,  including metals, woods, and  other 
substances ; but he was also bound to investigate the subject, with 
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reference to  the peculiar  action and effect  of fired gunpowder, 
under various conditions, upon those materials. H e  thought it 
would be admitted,  that those specialties could not  be considered 
as an essential part of the professional acquirements of the Civil 
Engineer. 

The Author had  not  been guilty of flattery  in speaking of the 
Ordnance Select Committee. Having been a member of that 
Committee at the time  this invention was referred  to  it,  he  might 
state, in answer to the  remarks which had been made, that if 
it was merely intended  to convey, that  the proposal was not 
accepted, or rather was not recommended for adoption, then  the 
Author was quite correct; because out of a hundred plans 
which were laid before the Committee, possibly not  one  was 
recommended for adoption. But if it was desired that  the in- 
ference should be drawn, that  the subject which  was brought before 
the Government, and referred  to the Select Committee, was not 
properly dealt with, or duly considered, but was rejected without 
due investigation, that was a matter of opinion, which  was open to 
fair  argument.  Captain Boxer did  not, however, think  any  good 
would result from making insinuations against  the  Committee; 
nor  did he  think it. right  to make  remarks of this sort, when the 
Committee had no  opportunity of meeting the objections. 

The Author  stated he had ascertained, from his own experi- 
ments, that  the  strength of gunpowder was equivalent to 17 tons 
per square inch. Not being  aware of the method adopted for 
determining this pressure, Captain Boxer could not say whether 
there was any  error  in  the ma:mer  of making  the experiments, 
or in the deductions from the trials. But he  might observe, that 
the subject of the explosive force of gunpowder had  engaged  the 
attention of the most eminent philosophers ; and notwithstandiug 
this,-notwithstandhip the most careful calculations, involving the 
highest order of mathematics, made by those practically  acquainted 
with the subject, no satisfactory  results had  yet been obtained. 
In  considering the force of gunpowder, there were  two main points 
to  be  regarded.  First,  there was a certain definite pressure, 
which might be  termed the  statical force, or the force which was 
effectual in giving motion to  the projectile in the bore of the  gun. 
Secondly, there was a percussive force, in addition to  that already 
mentioned, and of a different nature from it, which principally tended 
to cause destruction to  the  material of the  gun.  With  regard  to  the 
first,-the initial force, or pressure of gas,-although the  average 
pressure which was exerted upon the bore of the  gun,  during  the 
passage of the shot through  the bore, might be determined, by 
finding out  the initial velocity of a shot of a certain weight, when 
projected from a gun of a known length ; yet when it was attempted 
to  determine the initial force, or pressure exerted by the gases 
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when first generated,  and when filling that portion of the bore 
originally occupied by the  charge of powder, the question would 
be found to  be involved in  the  greatest possible difficulty. H e  
had never been able to  satisfy himself, that  any  right solution had 
been arrived at ; and he thought the  wide difference of opinion, 
which existed upon the subject, confirmed the view he  had ex- 
pressed. Wit11 reference to  the second point, namely, the per- 
cussive force of the powder which was exerted, principally tending 
to cause rupture, over and above the statical pressure, and which 
did  little towards giving motion to the shot, he would observe that, 
upon the explosion of gunpowder, there was, no doubt,  a  force 
exerted similar in  character  to  that of percussion, or an effect 
was produced like  that caused by a body in motion coming into 
contact with a body at  rest. This force, which  was generated a t  
the time of the explosion, could not be  measured by, or be com- 
pared with, any  statical pressure, and he believed it was owing to 
this force not  being taken  into account, or to  erroneous  ideas of 
its  nature,  that so much discrepancy of opinion existed. 

It appeared to be  the fashion, a t  present, to condemn cast  iron 
as a material for guns. €€e thought  it was premature to do so. 
First,  it must be remembered, that  cast iron had done good ser- 
vice, and had, for many years, been found a valuable material for 
guns. It should  not,  then,  be condemned without careful investi- 
gation. No doubt, since the  introduction of the systenr of rifling, 
and of large  calibre for firing solid shot, the  strain upon the  gun 
had been much increased;  that was to say, the  strain in those 
guns was greater  than  in ordnance of smaller  calibre  formerly 
used. It was clear then, that if cast  iron was employed, a 
stronger quality of metal was required, than was before found to 
answer. H e  was of opinion, however, that by careful investigation, 
a material  might be  obtained, and a mode of treatment of the 
metal might be discovered, which  would enable  cast  iron to be 
used, with advantage, for rifled guns  constructed upon true prin- 
ciples. Cast-iron guns  had been made, possessing an enormous 
amount of enduring power ; but it was essential to  insure uni- 
formity in this respect. H e  believed that by close investigation, 
a mixture of cast iron  might be obtained, possessing all  the neces- 
sary properties of a good gun metal. H e  thought, for these 
reasons, that cast  iron ought not  to  be altogether condemned, and 
he was of opinion, that  at some future time, cast  iron would again 
be brought into use for  artillery. A t  the same  time it was not 
clear, that  cast steel, or some preparation of cast iron, might. not 
answer the purpose better  than  the systems of hooping, or of 
covering with wire, or even of building up, as in the manufacture 
of Sir  William Armstrong's  guns. 

Mr. LONGRIDGE remarked,  that he had not said anything dero- 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



CONSTRUCTION OF BRTILLERI'. 37 l 

gatory to  the  Ordnance Select Committee. H e  had merely stated 
facts, and if they conveyed the impression just intimated, he 
regretted it, but he was not  answerable for it.. 

Captain BLAKELY, R.A., remarked,  that as the name of Lieut. 
Rodman  had been mentioned, it might  interest  the  Meeting  to 
know, that a gun  had been lately cast on a hollow core, with perfect 
success, by that dist.inguished officer, although  the weight, of the 
gun was 39 t,ons. H e  might add,  that  Lieut. Rodman's plan 
was another application of the principle brought forward by the 
Author of the l'aper, and  had first been proposed in the  United 
States, in 1851. 

Sir CHARLES FOX said, some years ago he expressed the 
opinion, that  it was important  to arrive at  that condition of' things 
in a gun, which should, when an explosion took place, make 
available the whole thickness of the gun. This, he believed, had 
never,  hitherto, been effected. A t  one time, he  thought  he  had 
discovered a mode of doing it; but  at the present moment, he 
confessed he saw great difficulties in arriving at such a re- 
sult.  If a gun was built in  separate parts, without being 
cemented together by soldering, or welding, he  thought it would 
at some time, and  that not a distant one, prove to  be of no use. 
Although  guns  might be made by using a tube for the  internal 
portion, turning  the outside to  an  accurate cone, and then, by 
hydraulic power, pressing  on it, with proper degrees of force, 
various layers of hollow cylinders, so as  to insure every part 
having its proper initial  strain,  still he thought a very little use 
of that  gun would so change the condition of its parts, as to 
destroy all the advantages of so expensive a mode of construction. 
The  difficulty of making a gun, by encircling it with wire, 
especially in  forming the breech, was so well  known, that  it was 
unnecessary for him to refer  to it. H e  believed it would, eventually, 
be found, that  the best gun could be  constructed with some ex- 
tremely  dense and homogeneous alloy, cast and used without 
being  drawn under  the hammer. I f  a gun was made of an alloy 
possessing very great density, the  detonating force of the powder 
would be resisted by a greater  quantity of the  metal employed, 
than it could be by making use of one with greater elasticity. 
H e  thought,  therefore, the best guns would be made of iron mixed 
with some other metals, such as wolfram and titanium, so as to 
insure the  greatest  strength  and density. Mr. Mushet had 
obtained  great density, by mixing with iron a small percentage 
of wolfram, and  great  strength  by  the use of titanium. There- 
fore, he was inclined to believe, that  guns cast of the densest 
alloys would have greater effect, in  proportion to  their thickness, 
than could be obtained by any complicated and expensive mode of 
Construction. 

2 c  2 
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Mr. F. A. ABEL said, the discussion seemed to  have regard 
chiefly to mechanical details,-to the  manufacture of the metal and 
its conversion into  the form most suitable to withstand repeated 
heavy strains. A s  the Chemist to  the War Department,  any ob- 
servations he  might make would refer, more particularly,  to the 
comparative chemlcal qualities of the  materials for cannon. H e  had 
heard  the remarks which had been made, both by Engineers and 
by Artillery Officers, with reference to the best system of construct- 
ing guns, and  the  materials of  which they should be manufact,ured. 
H e  agreed, to some extent, both with the advocates, and with the 
opponents of cast iron. H e  did not think, however, that cast  iron 
could be considered as altogether untrustworthy, as a material for 
rifled cannon. He entertained this opinion, because the chemical 
examination of a large number of samples of cast iron, from 
different sources, either as obtained from the blast  furnace, or after 
repeated re-meltings, had  led him to  the conclusion, t,hat the 
uniformity of this material was, to a great extent, under control. 
H e  had examined specimens obtained from some of the best iron- 
works, and on comparing with them samples made, at intervals of 
two, or three years, at  the same works, he found them, from a 
chemical point of  view, almost identical  in their nature. There 
might be a variation in the density, and  other physical properties, 
resulting from the  temperature at  which the  metal was cast, and 
from other circumstauces, but the  regulation of such differences was 
under the control of founders and  engineers.. If, therefore, it was 
found that cast  iron  might, with proper attention to its manufacture, 
be  made almost perfectly unifoym, some faith ought to be placed in 
that material. At  the same time, the important  results obtainedby 
the  further  treatment of cast iron, should not be lost  sight of. By 
progressive decarbonisation, it might  be made to  approach  to perfect 
steel in  its nature, or to acquire the characteristics of malleablc 
iron. Such conversions could, a few years  ago, o d y  be carried  out 
upon a small scale, or by most laborious processes ; now they could 
be effected upon a very large scale, so that masses of the products, 
of great size, could be produced. Amongst others, Mr. Bessemer 
had obtained  results which should not  be passed over. He t,hought 
they  might prove most important, particularly when it was rcmem- 
bered  what had  already been done in this direction, by Mr. Iiriipp, 
in Prussia. A gun of cast  steel  manufactured at his works at 
Essen, had been tested  in this country, and  it was found almost 
impossible to burst  it. That  gun was cast in one mass, and  the 
system of manufacture had been pursued  in  Prussia with such 
success, that rifled field-guns were now being  constructed in 
that country, exclusively of this  material, with every expectation 
that  they would prove equal to  the  guns made in France  and in 
England. H e  thought the  results already obtained with those 
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materials should not be neglected;  but  that  the proper authorities 
should embrace, as far as possible, the opportunity afforded to  try 
fairly  what  guns, of that material, would do, as compared with 
guns of cast  iron and with built, guns of wrought iron. It appeared 
to him, that if a material  suitable for the construction of a light  and 
durable  gun could be obtained  in one mass, a vast number of yos 
sible sources of failure would be avoided. Nor would reliance have 
to  be placed upon a number of details, which, although  determined 
on the most correct  theoretical principles, could only be perfectly 
carried into practice with great difficulty. It was questionable, in  his 
opinion, how far  the various suggestions relative  to the construction 
of built guns should be  entertained,  until the question of the pos- 
sible construction of durable rifle guns, in one mass, had been fully 
and fairly gone into. H e  ant.icipated that materials such as cast 
steel, or homogeneous iron, cast in large masses, must, independ- 
ently of cost, furnish better results than  other materials which had 
been proposed, on account of their  greater uniformity. 

H e  stated,  in  reply  to an inquiry, that  he  had been induced 
to make some experiments upon the combinations of phos- 
phorus with copper;  and  had found that, by the introduction of 
a small proportion of that subst,ance, say from 2 to 4 per cent. of 
phosphorus into copper, a metal was produced, remarkable for its 
density and tenacity, and superior in every respect to ordinary gun 
metal, (the alloy of copper and  tin known by that name). H e  
believed the  average  strain borne by gun  metal  might be  repre- 
sented by 31,000 lbs. upon the square inch; whilst the material 
obtained by adding phosphorus to copper, bore a strain of from 
48,000 lbs. to 50,000 lbs. But  the increased tenacity was  not  the 
only beneficial result  obtained by  this  treatment of copper. The 
material was uniform throughout, which was scarcely ever the case 
with gun metal. The experiments  alluded  to were merely pre- 
liminary, and  had been, to a certain extent checked, by the im- 
provements since introduced in  the construction of field guns, which 
had  led to a discontinuance of the employment of gun metal. 

Mr. E. ,4. COWPER explained the construction of the Swedish 
percussion shell, which had not yet been referred to. It was an 
ordinary  round shell, and in the interior there was a small  per- 
cussion ball, having tubes  to  be furnished with caps. The end of 
one of the tubes, which pointed  towards the breech, had no cap on 
i t ;  so that  the blow, or shock, caused by the powder when fired, 
did not  explode the shell. But as soon as the shell came in contact 
with any object, the caps caused the shell to explode by the per- 
cussive action. That was a good thing in itself, but when rifled 
guns were used, it was  sufficient to put one cap at the  end of the 
projectile. An elastic ring, or wad, well tallowed, was fitted behind 
the shell, so that when the blast of powder took place, the  ring was 
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forced between the shell and  thc gun, thus saving windage, and 
insuring  greater accuracy in firing. By this system the charge of 
powder could he  reduced, and  the  rattling, or rebounding of the 
shell from side to side of the  gun, was prevented. 

Some of the more marked distinctions, which had been pointed 
out, between the different plans of guns, alluded  to  in  the  Paper, or 
in  the discussion, might  be  thus tabulated :- 

~~ ~~ 

Uedgtmtion. 
~ 

For. j Against. 

WINDACE. 

Service . . Cheap; 

Ditto . Enfleld . . strong. 

good  nim 
Good aim: Lancaster . 
Strong ; 

strong. 
Good nlm Armstrong. 
cost. 
moderate 

Whitworth Good aim 

Britten. I IDI;~;;. 

Aim bad  ‘Simple ; I cheap. 
Aim bctterlIhtto . . . Simple; 

Weaker Simple ; 
heavy. 

form. wrought 
Costly ; 
breech lHea’7y * 
loader. 

wcak 

Iron. 

Too light 

Ditto . .. 
Costly; 

1Coat1y; 

wrought 
won. 

lead and 

Very 
iron. 

costly 
f l t t c d  up. 

Compound 
lead and 

.. 
. . Very little 

Bad . 

. . Little, if 

. . Ditto . 
with good 

load a t  
muzzle. 

fltting. 

I 
,Small . 
Ditto . 
Ditto . 
Great . 
Ditto . 
Ditto . 

Hnddan. . 
cheap. 

1I:avy; ._ Ditto, ditto 
and iron. 

Ditto, im-  Ditto, ditto . . Ditto,ditto, 
proved  bore. strong 

form. 

converted. 
Servicc 

-- 
.. 
.. 

Yes. 

.. 

.. 
YCY. 

ntto. 

Xtto. 

The ordinary service gun was of a strong  and cheap form ; but 
the  aim was inaccurate. The projectile was cheap and simple 
in construction, but was too light, and  there was too much  wind- 
age. The strain upon the  gun, due  to the projectile, was small, 
hut a heavy charge of powder was required, to make up for the 
loss by windage. There was no tendency to twist, or to  burst 
open the  gun, from the projectile acting as a cam. The Swedish 
gun was strong  and cheap, the  aim was better,  the projectile was 
also cheap  and simple, but was too light. There was little wind- 
age,  and it was a great improvement upon the common gun. 
The Enfield gun, (small arm,) was strong, the aim was good, the 
projectile was long, and  the form was simple. There was scarcely 
any windage, and but little  strain  due to the projectile. ‘f ie 
Lancaster  gun possessed good aim, and was constructed a t  a 
moderate cost. The form of the  gun was simple, but it was 
weakened by the oval bore. The projectile was simple, being 
composed of only one material,-wrought iron,-but it was costly. 
There was but litt,le windage, if a (rood  wad was used. The pro- 
jectile, had, however, a tendency  to burst  the gun. One  advantage 
of the plan was, that  the  ordinary service gun could be con- 
verted into  the Larlcaeter rifled gun. I n  the  Armstrong gun the 
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aim was good, the projectile was heavy, but costly, on account 
of the fitting, and of its  being composed of lead, antimony, and 
iron. The windage was small, from the projecting rings of lead 
and antimony on the projectile being larger t.han the bore of the 
gun ; the projectile being introduced at the breech. The gun 
was very costly. I n  the Whitworth gun, the  aim was good, the 
projectile was heavy, but it was costly in  fitting up. I n  some cases 
the project.iles fitted tile bore so closely, that upon putting a finger 
upon the touch hole, and pushing the projectile down the  gun,  it 
would spring back again on being  released. The  gun was very 
costly, and of rather a weak form. The material of which it was 
made was very expensive, but was admirably adapted for the purpose, 
being, in fact, a kind of mild steel. Mr. Britten’s gun was of simple 
form, the aim was good, the projectile was heavy, and so far good ; 
but being compounded of lead and iron, if a number were packed 
together,  they would be liable to injure  each other. The windage 
was small, from the  lead  expanding with the blast of the powder 
a d  filling the bore. The cost of soldering-on, or belting  the pro- 
jectile with lead, w a s  not very great. Mr. Haddan’s gun was cheap, 
the projectiles were a little  cheaper than common shells, and were 
heavy,-weighing 92 lbs. for a 68-pounder gun. The windage was 
small, owing to  the  expanding wad, which filled the bore of the 
gun,  and at the same time, kept the  axis of the projectile in the 
centre of the bore, and quite  steady during its passage out. The  
ordinary service guns were capable of being converted to  this plan, 
for about twenty-five shillings each, and  it could be done  on the 
deck of a ship, as in the case of the  Britten  gun. The charge of 
powder was reduced from l 6  lbs., the  ordinary service charge, to 
10 lbs., and  the  range was increased  to 3,000 yards with excellent 
aim. In  the improved form of bore, the tendency of the pro- 
jectile to burst  the  gun was  very small, and  the form itself was 
strong,  being nearly a circle. 

With  regard to the wire-bound gun, it remained to be  shown, 
how the breech could be made of the same strength as the  barrel, 
which could, undoubtedly, be made  in that way. The strain upon 
the breech, at  the time of explosion, was as much as upon the pro- 
jectile  and  the sides of t,he gun. As to  iron  guns, cast, or forged 
in a solid mass, of mild steel, or of steely iron, he would propose to 
forge them hollow, so as to admit of their  being cooled from 
the inside. H e  would use a stream of water, air, steam, or water 
aud air, or water and steam, in  the form of rain, and at the same 
time, thoroughly compress the outside upon the inside, as it cooled, 
by a heavy steam hammer; so that when the  gun wa.6 quite 
cooled, the inside would be in considerable compression, and  the 
outside in decided tension. The different circles, or rings of 
metal,  between the outside and  the inside, aould theu be in a 
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regularly  graduated series. H e  believed that in  this manner, the 
idea of various strains  throughout the homogeneous mass, might 

' be perfectly carried out ; and  he  might say, more scientifically, 
than by any system of hoops, or wire. 

H e  thought  the question of attaining  long ranges  depended far 
more hpon the  strength of the  metal of which the  gun was  com- 
posed, than upon the section of the rifle cuts, the speed of the 
twist, or the plan of breech loading. It was, no doubt, imperative, 
that  the projectile should  pass along  the  gun steadily, with some 
twist, and should have very little windage, in order that it might 
receive the full effect of the  quantity of powder used. I t  was 
very much  a question of the  charge of powder and of the  strength 
of the  gun ; as it was evident, that a  charge of one-fifth t,he 
weight of the projectile, would send it further  than a charge of 
one-ninth, or one-eighth. 

Mr. W. STRODE said, hemoticed that in  the  Table,  (page 374,) 
the Enfield rifle was stated  to  be  strong  and of good aim. Now 
he believed, that on the  contrary,  the  metal of the  barrel was so 
weak, as to render  it liable to injury from external causes, such as 
the fixing, or the  taking off the bayonet. The projectile being 
too small, the  aim was not good, and he  thought the bullets often 
did  not  take  the rifling at  all. He  had  in his possession one o 
the  regular service bullets, obtained from Alderehott, which  was 
quite loose in  the Enfield  barrels. 

Captain JERVIS, R.A.,  said, he was at  a loss to understand the 
remarks  just made. There was no such thing as an Enfield ball. 
The diameter of the service bullet had been slightly reduced, on 
account of the fouling caused by the powder, but  the accuracy of 
the shooting had not been affected by that reduction. 

Mr. LANCASTER thought  the discussion upon this subject, 
elaborate as it  had been, ought  not to conclude, without somc 
notice of what had been  done by experimenters  in  other countries. 
Professor Uaniel  Treadwell, of the  United  States,  had, for many 
years, directed close attention to  this question. The results were 
given in a Paper,  read before the American  Academy,' remark- 
able for the acumen,  learning, and  deep research it displayed. 
The  principle therein  advocated, was that of using a cast-iron 
matrix, forming a screw on its  outer circumferecce from end to 
end, and  then  applying wrought-iron rings, put on hot, On  thc 
outer circle of these rings, another screw was turned, when a 
second series of rings was added. Professor Treadwell obtained 

Vide " On the Practicability of constructing  Cannon of Great Calibre, 
capable of enduring  long-continued use under Full Charges." By Daniel  Trsad- 
well. From the Memoirs of the American Academy. (Mr. LancGster presented 
a copy of this  pampl~let  to  the  Iustitution.) 
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the following remarkable results. H e  said, (‘My observations 
upon the  lodgement have been made upon wrought-iron cannon. 
Between the  years  1841  and  1845, I made  upwards of twenty 
cannons of this material. They were all  made up of rings, or short 
hollow cylinders, welded together endwise. Each  ring was made 
of bars wound  upon an  arbor spirally, like winding a ribbon upon 
a block, and, being welded and shaped in dies, were joined 
endwise, when in  the furnace and at a welding  heat, and after- 
wards pressed together  in a mould, by a hydrostatic press of 
1,000 tons force. Finding  in  the  early  stage of the manufacture, 
that  the softness of the wrought iron was a serious defect, I formed 
those made afterwards, with a lining of steel, the wrought-iron bars 
being wound upon a previously formed steel  ring. Eight of these 
guns were 6-pounders of the common United St.ates  bronze 
pattern,  and eleven were 32-pounders of about 80 inches length of 
bore, and 1,800 pounds weight. Six of the 6-pounders, and four 
of the 32-pounders, were made for the  United States. They have 
all bcen subjected to  the most severe tests  One of the 6-pounders 
has  borne 1,5tiO discharges, beginning with service charges  and 
ending with ten charges of 6 lbs. of powder and seven shot, 
without essential  injury. It required to destroy one of the 
32-pounders, a succession of charges  ending with 14 lbs. of 
powder and five shot, although  the weight of the  gun was but 
sixty  times the weight of the proper  shot. If any of these guns 
are ever  destroyed by firing them, the  destruction will commence 
in the lodgement. 

‘‘ I cannot  leave this subject, without observing, that I regard  the 
late  and still  continued attempts to  make wrought-iron cannon in 
Europe, by the process of fagoting, or piling, as a strange en- 
gineering delusion.” 

With respect  to the  Lancaster guns, it was true  that  three were 
burst at  the muzzle in  the Crimea;  but it must be understood, 
that those which failed were the service guns, bored oval on 
his system, and  not  the  guns specially made  for the purpose. 
I t  was generally supposed, that the  action of the shell, in  passing 
out of the bore, burst  the  gun. The fact was simply, that  the 
shells were originally  made in two pieces;  the base of the shell 
being welded to the upper portion. In practice,  this weld  was 
often imperfect. Hence, a t  the moment of the explosion of the 
service charge, the flame penetrated  through  the defective weld, 
to the  charge within the shell. The charge, amounting to 
12 lbs.  of powder, was fully ignited,  just at the moment the 
shell was in the  act of leaving the muzzle of the gun. I t  
could, therefore, only be a question of time, whether the shell 
burst within, or outside thc gun. If  the shell burst within the 

* * * * *i * * 
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muzzle of the  gun,  the destruction of the  gun followed as a matter 
of course. Directly this  failure in the manufacture of the shells 
was discovered, steps were taken to rectify it.  Instead of being 
made of two pieces, the shells were now constructed of one piece 
of iron, and  the  nuzzle of the  gun  had been strengthened, by the 
addition of a ring of wrought iron. Should, therefore, any of the 
old store of shells be used, by any chance, the gun would  be strong 
enough  to  resist the contingency. It was found that these guns 
were now thoroughly equal to  the requirements of the service. 

Mr. C. W. SIERIEXS said, many years  ago he had some slight 
practical experience in  the use of guns, and  had watched, with 
great interest, the progress which had since been made in  their 
construction. Addressing himself to the subject of the  Paper,  it 
had been objected, that a gun constructed upon the plan proposed 
by the  Author, would not have sufficient longitudinal  strength. It 
had occurred  to him, that  the longitudinal strength of the  gun 
might  be much increased, if instead of winding wire upon it, it was 
bound with corrugated  bands of steel, put on spirally. H e  esti- 
mated,  that two-thirds of the whole tensile strength of these bands 
would thus be made available for longitudinal  strength. He  pro- 
posed, that  the core of the  gun should be turned with spiral 
grooves, extending backward beyond the bore, and fitting the 
longitudinal ribs, or corrugation of the strips. The strips  should 
be  put  on  under  varying tension, while the  gun  rotated in a bath 
of solder, in  order  to  unite the several layers. H e  thought  the core 
of the  gun  ought to be of equally hard  and  tough material, and he 
had no doubt. that  the most serviceable gun would be one made of 
solid, but mild, cast steel, well solidified by hammering. Such 
guns were manufactured by Mr. Krupp, of Essen. From a report 
made  to  the Prussian  government by Colonel Orges, it  appeared, 
that  the  German cast-steel gun had given the most satisfactory 
results, as  regarded strength. A bar, 1 inch square, of this 
material, had borne a weight of 50 tons, whereas a bar of wrought 
iron of the same dimensions broke with 33 tons. Mr. Krupp’s 
gun bore five and a half times the internal pressure of an ordinary 
cast-iron gun of the same internal  and  external diameters, and 
three times the  internal pressure which burst a bronze cylinder of 
the same dimensions. Mr. Krupp was  now making  three hundred 
guns for the Prussian government. The weight of his 12-pounder 
brcech-loading gun was 825 lbs. The cost of the  forging was 
about &93, and  that of the  gun complete was g150.  These figures 
would enable a comparison t,o bc  made with the cost of guns of 
other constructions. With  regard to composite guns, he would 
suggest, that although they might possess greater  strength  against 
internal  pressure, than a gun of homogeneous metal, yet such a 
gun would be morc liable  to  injury, when hit by a hostile shot, A 
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composite gun would, he thought, suffer more from that cause, than 
a gun of homogeneous metal, which would only be  indented by a 
shot ; whereas the composite gun would probably be disabled. 

Hit.herto, comparatively few experiments had been made, to 
determine what the pressure upon the interior of a gun  really 
was in firing,. and also what was the resistance of the atmosphere 
to shot, at different velocities. In  1846, his Brother, Mr. Werner 
Siemens, suggested a plan to a commission appointed by the Prus- 
sian GoverIlment, the  results of which had been published. H e  
determined the velocity of the shot by making it pass insulated 
wires, in connection with a Leyden  jar. The electrical  discharge 
passing through  the shot, caused a spark to go from a point, upon 
the pollshed surface of a steel cylinder revolving at high velocity, 
which it. marked by a speck of burnt metal. The shot in striking 
other wires, a t  a given distance, would make another speck upon 
the polished steel  cylinder, and the  angular distance between 
those two 'points, would represent  the time that was occupied by 
the ball in passing from the one place to  the other. The results 
that  had been obtained by this apparatus were, however, not  quite 
satisfactory ; and  it  had occurred  to Mr. C. W. Siemens, that  in  order 
accurately to  ascertain  the forces acting in a guu,  and also the 
resistance of the atmosphere to  the passage of the projectile, 
an  apparatus of a more simple nature  mlght be constructed, 
which should record those facts, in the same way that  the exact 
pressure of steam  in a steam cylinder, at every portion of the 
stroke, was arrived at.  His object was, in fact,  to indicate  the 
forces acting upon the projectile throughout its flight. For 
this purpose he proposed to employ a hollow shot with open 
ends, closed by strong doubly-dished steel plates, laid one upon 
another, with lead plates between. When  the shot was fired, 
the  gases of the powder would act upon the end  diaphragm, the 
pressure upon which would, in  fact, urge  the shot along. It was 
important to reduce the  inertia of the elastic medium to the lowest 
possible amonnt, in order that it might instantly obey a change of 
pressure. The motion of the  centre of the  diaphragm was imparted 
to a scribing point in contact with a disc, made to rotate, during 
the flight, with a given velocity. It appeared difficult, at first sight, 
to obtain a uniform velocity of this disc without clockwork, which 
was, evidently, inadwksible;  but  an  arrangement  had occurred to 
him,  by  which he  exmcted to efl'ect that purpose. He fixed upon 
the disc two small fuses, or rockets, acting  in opposite directions. 
If both these rockets were made of equal power, it was evident, that 
no rotating motion would ensue ; but  the one being  made  equal  to 
only about two-thirds of the other, the more powerful jet would ac- 
celerate  the wheel, until it was balanced by the lesser jet, on account 
of the negative motion imparted to it. A nloderate and remark- 
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ably uniform rotation  might thus  be produced, for the power of the 
larger  jet would diminish, as  the square of the diminished relative 
velocity between the escaping gases and  the wheel ; whereas the 
power of this  counter jet would increase, as the square of the in- 
creased  relative velocity between the gases and the wheel. A 
small retardation of the wheel, by friction, or otherwise, would,  con- 
sequently, produce a great change  in the relative power  of the two 
jets. These fuses were lighted, the  instant the shot was dropped 
into the  gun. Cards of zinc plate were fixed to the sides of the 
rotating disc, covered first with a black and  then with a white 
varnish, whereupon the scribing  point would trace a very clear 
line. Whilst this wheel revolved, a circular  line would be  obtained, 
until the pressure upon the steel  disc caused the scribing point to 
ascend,  producing a spiral indication of the pressure at all intervals 
of time. The disc in the  front of the projectile was  much lighter, 
beirlg intended  to indicate the resisting pressure of the atmosphere, 
by a  line upon the ot,her side of the rotating wheel. The negative 
pressure of the atmosphere against  the back of the projectile might, 
also, be recorded by a similar  arrangement. The diaphragm behind, 
should, in that case, be made very slight,  and  be covered by a 
strong metallic  plate, to resist the force of the gunpowder, which 

late would separate from the projectile at  the mouth of the  gun. 
f n  the  same way, the pressure upon auy portion of the curvilinear 
front  surface of the projectile might be indicated, by making, 
instead of one opening in the  centre,  several openings in a circle 
around  it, I n  order to maintain atmospheric pressure inside the 
projectile, its sides were perforated by a number of small holes. 
The weight of the moving mechanism need not exceed ci ounces, 
and considering its  strength  and sinlplicity of arrangement, he  did 
not  apprehend any force, less than  that which  would destroy thc 
shell itself, would interfere with its proper  action. The advantages 
that would be  obtained by such a complete record of the forces 
acting upon projectiles, under different circumstances of charge, 
form and speed, would, he  thought, be very great, not only with 
regard  to  the construction of ordnance, and to balistic laws, but 
to science generally, in affording useful information regarding  the 
nature of' fluid resistance. The experiment could be  tried with auy 
gun, and  at a small expense ; and if the roper  authorities should 
think his proposal worth the trial, he S E ould most readily  give 
his services in  the matter. 

Mr. CONYBEARF: said, it  appeared to him, that  the first step in 
the present  inquiry should be, to  determine  the maximum amount 
and  the modus operandi of those forces tendiug  to disruption, 
to which guns were subjected in service, and which it was required 
they should endure, without injury to their fabric. These forces 
were ; first, the disruptive force of the powder, which was depen- 
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dent on its quality, on the amount of the charge, on the  diameter 
of t,he cylinder in which it acted, and on the  amount of 
windage ; and secondly, the  inertia  and friction of the projectile, 
the  inertia  being a function of the weight and elongation of the 
bullet, and  the friction being  dependent on the  angle of the twist, 
and on whether the projectile was made with projections to fit the 
grooves, or had  to be forccd into  them by the explosion. 

The total mechanical effect of powder, exploded in  rigidly 
closed chambers, might be readily  determined, by experiments on 
the minimum bursting  charge of shells, varying  in  diameter, or 
in  thickness of metal. For example, the 12-lbs. shrapnel shells 
used  in the  United  States service, were 4.6 inches in external,  and 
3 6 inches in  internal diameter. When one of these was split 
into two pieces, by internal pressure, the  area of fracture was 
rather less than 64 square inches ; and  taking  the tensile strength 
of the iron at 25,000 lbs. per  square inch, it would  show, that a 
force of about 72 tons must be exerted, at the moment of dis- 
ruption. If the action of the powder was diffused, by its  being 
commingled with the balls, the requisite bursting  charge was 
4 oz. In  Captain  Dahlgren’s new arrangement, where the balls 
were imbedded in two hemispherical masses of sulphur, leaving a 
cylindrical  cavity for the  bursting charge,  in the axis of the shell, 
even three-quarters of an ounce of powder sufficed to generate  the 
requisite  disruptive force of 72 tons. But no large  gun could be 
manufactured,  to endure a disruptive force so enormous, in pro- 
portion to its charge,  as 72 tons for each three-quarters of an ounce 
of powder exploded. Nor could any  gun be subjected  to such a 
stress in service ; for so large a ratio of pressure, to weight of’ powder, 
could only be  obtained,  in the case of explosion in a chamber abso- 
lutely and  rigidly closed. The smallest vent would act as a safety 
valve, and would reduce  the explosive force to a mere fraction of its 
amount,  in a rigidly  dosed chamber. This was demonstrated by 
the experiment,  originally tried  at Woolwich, and described in 
Mr. Greener’s treatise on “The  Gun.” H e  said :-“ screw into 
each end of the breech part of a gun-barrel a well-fitted plug, then 
having filled the  barrel with powder, drill a communication and 
screw in a nipple, in one of the plugs, fire a cap on it, and  the 
explosive fluid will stream  out from the small orifice like steam 
from a pipe, till it is expended.” Mr. Greener repeatedly tried  the 
experiment, and  had  thus fired 2 oz. of the best powder, without 
any violent motion being communicated to  the barrel. Now, if a 
charge of three-quarters of an ounce sufficed to  exert a disruptive 
force of 72 tons, in  the case of the shell, 2 oz. under  similar 

By W. Greener. 89.0. Suuderlnnd, 1835. Page 36. 
1 vifide ‘6 Tile Gun ; or, a Treatise on the various descriptions of small Arms.” 
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circumstances, would exert a disruptive force of 4,313,000 lbs., 
or upwards of 141,000 lbs. per square inch on the  area of prcs- 
sure in Mr. Greener’s  experiment, taking the area of pressure in 
the  interior of the breech at  3 square inches, It was known, 
from the  United  States experiments, that  the breech end of the 
strongest  musket barrel was permanently  bulged, by a hydrostatic 
pressure of about 13,000 Ibs. to the inch. Therefore, assuming the 
pressure in Mr. Greener’s  experiment to have been wit,hin thrce- 
thirteent,hs of the  ultimate  strength of the  barrel,  it would only be 
one-tenth of the pressure that would have been exerted,  had not the 
vent used for firing the powder been loft open. I n  gunnery practice, 
in  addition to this vent being always opcn, one end of t,he explosion 
chamber was only closed by a movable projectile. It appeared to 
him, that  the indications of the balistic pendulum were fully adc- 
quate to the determination of the stress that  guns were subjec’ted 
to,  in actual service. But if any more direct evidence was  
required, it would be afforded by the Unit.ed States experiments, 
on the  extreme proof of cannon and  musket  barrels under hydro- 
static pressure. These were tried, to  determine the relative power 
of iron to resist a direct tensile force, hydrostatic pressure, and 
the fire of gunpowder. They  led to the conclusion, that for cast- 
iron  ordnance, the  hydrostatic proof could not be safely extended, 
without permanent injury  to the  gun, beyond from 3,000 lbs. to  4,000 
lbs. to  the  square inch. This pressure, the experimenters would 
thus seem to have considered, as equivalent to the  stress to which 
the  guns were subjected, under  the  ordinary proof discharges of 
powder and ball. 

Some high  authorities were, at present, disposed to decry  cast 
iron, 3s a material unfitted for the construction of ordnance of 
any description. But  he  thought such a conclusion was based on 
wholly  insufficient grounds.  Considering the enormous number of 
proof discharges that  really  good cast-iron guns would withstand, 
and tlle great improvement that  had been effected in America in 
their material, in  their form, and  in  the method of casting them, 
he was convinced, that  the  gun of the future, for naval purposes 
and for land  batteries, would be of cast iron. I n  short,  that  cast 
iron,  in the present improved method of preparing  it, combined 
the requisite  hardness and tenacity, with cheapness, more perfectly 
than  any  other material. Many of the improvements, to which he 
alluded, were recorded in the volume of United  States  Reports, a 
copy of which he  begged  to present  to the  library of the  Institu- 
tion.’ I n  addition to these  experiments,  ever since 1841, by the 

Metals for Cannon.  With  a  Dcscription of the Machines for testing  Metals, and 
1 Vide Reports of Experiments on thc ’Strength and other  Properties of 

of the Classification of Cannon  in  Service.” By tlle Officers of tlle Ortlnancc 
Department, U. S. Army. 4to. Philadelpllir~. 1856. 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



CONSTRUCTION OF ARTII.LERY. 383 

regulations of the U. S. Ordnance  Department,  an officer had been 
required to  be in  constant  attendance at  the foundries, while the 
cannon were being  made,  to examine  and  test  the  metal before it was 
used, as also in tllc first gun made, before another was cast from 
the metal. This system of inspection had resulted in increasing the 
average tensile strength of iron cannon, cast in  the  United  States, 
from 23,638 lbs. to 37,774 lbs. per  square inch, and its maximum 
tensile strength  to  45,970 lbs., with a density of 7,304. This 
high average  result was conclusive, as  regarded  the  adaptation of 
cast irbn, when properly treated,  to  the manufacture of ordnance ; 
for it must  be  remembered, that  the tensile strength of bronze gun- 
metal could scarcely be taken a t  more than  30,000 lbs. The second 
result of these  experiments had been to show, that iron guns cast 
hollow, according  to the plan of Lieut.  Bodman, of the  United  States 
Artillery,  had from eleven to twenty times the  duration of guns of the 
same pattern cast solid, at  the same  time and from the same metal. 
Another improvement, which was due  to  Captain Dahlgren, con- 
sisted  in  the exact adaptation of the thickness of metal,  in  each 
segment of the  length of the  gun,  to  the amount of the disruptive 
force to which such particular  segment was subjected, on the 
discharge of the  gun. The mode by  which these forces were 
measured  might be thus described :-At rather more than one 
calibre in  the  rear of the muzzle, a transverse  bore was drilled, 
from the  exterior surface of the  experimental  gun  into  the chase. 
Into  this transverse bore, a projectiIe of ascertained weight was 
exactly fitted. The  gun was t,hen loaded and discharged. As 
soon as  the ball had passed, and  the exploding  gases had  reached 
the transverse bore, its projectile was propelled against a balistic 
pendulum, by which the force, with which it was discharged, was 
exactly  measured. A series of similar  transverse bores were then 
drilled, consecutively and  at  equal intervals, from the muzzle end 
to the  chamber ; each  being, in succession, closed with a projec- 
tile of precisely the  same weight as that of the first, and  the 
force with which each successive projectile was discharged,  being 
similarly  measured and recorded. The relative force of these 
successive discharges was a measure of the relative force of the 
explosion, in each  corresponding se,gment  of the chase ;' and con- 
sequently, of the relative  thickness of' metal required in each such 
segment. These experiments  proved, that in  guns of the common 
model, the weight of metal, between the trunnions and the muzzle, 
was greatly in excess. Tn the model deduced from these experi- 

1 In   the United  States Reports, an  instrument is mentioned,  invented by 
Lieutenant Rodman,  and  authorised by the Washington  Board of Ordnance, for 
determining  the successive  increments of velocity  communicated to tho  ball,  in 

answered the  intended purpose. 
its pamage through  the bore. This  instrument is stated to have  satiufitctorilg 
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ments, and which, under the  designation of the  Dahlgren  gun,  had 
superseded  the old patterns in the  United  States service, the 
weight of metal, between the trunnions and the muzzle, was greatly 
reduced. The metal, thus saved, was placed about the breech, 
where strength was chiefly needed. The result of these improve- 
ments  had been, to enable the  United  States to  replace  the 
32-pounders, weighing 57 cwt., previously used in  their vessels of 
war, by Dahlgren guns, which, though not  materially differing 
from the old 32-pounders, either in weight, length, or range 
at equal elevations, had  the  great  advantage of throwing an %inch 
ball, in place of a 32-lbs. ball. Dahlgren guns, 12 inches in 
diameter, had withstood every proof, and were now adopted as 
pivot guns in  the  United  States Navy. 

Of the experiments  recorded in the United States Reports, those 
on the extreme proof of cast-iron ordnance,  under  hydrostatic 
pressure, and of casting  guns hollow, on chilled cores, were so in- 
structive, as to the molecular arrangement of the particles, in heavy 
masses of cast iron, and so suggestive, in respect to  the modes of 
treatment  that were to  be avoided, and of those that were to  be 
adopted, in the  construction of a cast-iron cylinder intended to 
resist internal pressure, that  he would briefly describe them. 

I n  the experiments tried  to ascertain the relative  capability of 
east-iron ordnance, to resist a direct tensile force, the fire of gun- 
powder, and hydrostatic pressure, four guns were subjected to the 
extreme hydrostatic proof. With  the first, an IS-pounder, when 
the pressure reached 7,000 lbs. to  the inch, the water  came 
through  the pores of the metal, in several places, forming small 
mounds of white froth, which afterwards collected h 1  drops, and 
fell off in  small streams. When the pressure was extendcd  to 
9,000 lbs., the  gun  burst with unexpected violence, one fragment 
weighing 170 Ibs. being projected 21  feet. The second gun was 
a 24-pounder, of a very heavy model. Proof  bars  cut from the 
trunnion  exhibited a good  quality of iron. The water began to 
exude at  9,000 lbs. ; and with a pressure of 9,500 lbs., the water 
was projected in several rills  through  the metal, to such an  extent 
as to  reduce  the pressure to 5,000 lbs. and  thus to terminate  the 
experiment. The third gun experimented on,  was another 
18-pounder. This burst, when the pressure  reached  9,860 Ibs. on 
the  square inch. The fourth gun was a 6-pounder. This  had 
endured,  without  injury, thirty-six proof fires of the usual ascend- 
ing series ; fourteen  being of the maximum charge of 3 lbs. of 
powder and sixteen balls, and  then two extra charges of 6 lbs. of 
powder and seven balls. The thin portion, near  the muzzle, sepa- 
rated from the thicker portion by a groove turned in the  metal, for 
the purpose of the proof, was burst with a pressure of 12,400 lbs., 
and  the thiclwr portion of the chase was burst by a pressure of 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



CONSTRUCTION OF ARTILLERY. 385 

20,000 lbs. on the  square inch. The metal appeared impermeable, 
and no  water  traversed the pores, at  any  stage of the operation. 
A circumstance attending these trials, strikingly illustrated  the 
porous character of the interior of guns cast solid, the imperme- 
ability  attained by the  rapid cooling of the surface of a casting, 
and  the consequent advantage of casting guns hollow, and of 
cooling them from the inside. The experimenters  reported, that 
hydrostatic proof could only be  applied  to guns which had been 
turned  after casting, ‘(as the  hardened crust of chilled iron on 
their exterior surfaces, arising from the coldness of the monld, 
would prevent the penetration of the water, and thus afford no 
indication of the existence of imperfections in  the body of the 
metal.” Cases  occurred during  the experiments, where the force 
of water collected under  this crust, through a fissure in the mass 
of the  metal beneath, had raised it  in  the form of a spherical 
segment of an inch in projection above the surface of the gun; 
and not  until  this  blister was broken  through, by an increased 
pressure, was there a leak of any kind to indicate  the flaw. 

Surcly the canon, in  Hydraulic  Engineering, ‘‘ that every structure 
intended to resist the impact of water, should  be impermeable by 
water,” applied with tenfold force, to a fabric  intended to resist the 
intense force of the gases set  free by the ignition of powder, cal- 
culated as they were,  by their extreme tension, to sezrch out every 
fissure and to  permeate every pore, in the material of the  gun 
chase. Such repeated permeation of the pores of the metal, by 
incandescent gases  acting injuriously on the iron, chemically as well 
as mechanically, and by their  heat, must, necessarily, destroy the 
gun in a much less number of rounds, than it would endure, if its 
interior surface was impermeable. As the practicability and 
advantage of giving  impermeability to  the interior surface, by 
casting it hollow, on a chilled core, and of cooling the  metal from 
the interior, instead of from the exterior, had been fully established, 
it appeared to be a very unscientific proceeding  to continue to 
cast  iron guns solid. The mode, hitherto adopted, of casting  iron 
ordnance solid, and cooling them from the exterior was, moreover, 
by subjecting the  interior of the metal to extension, and  the exterior 
to compression, exactly the converse of the conditions of maximum 
efficiency. It was admitted,  that  the material, of which a gun was 
composed, should be so disposed, as to present a sound and imper- 
meable surface to the  ignited powder, and  to have the metal, 
adjoining the  interior surface of the tube, in a state of compression, 
and  that adjoining the exterior, in a state of extension. These 
conditions were precisely the converse of those actually  obtaining, 
in the case of a gun cast solid, and cooled from the  exterior;  but 
they were fully complied with, when the  gun was cast. hollow, and 
was cooled from the  interior. No one would think of commencing 
t,he construction of a gun built up of a  number of concentric layers 
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of wrought-iron rings, by heating  the second ring, and placing it 
within the exterior ring  already cooled and shrunk ; and when the 
second ring  had cooled, repeating  the operation with a third  red- 
hot  ring. It was manifest, that a gun so formed, would have 
air spaces between each layer of rings, and would be wholly 
destitute of coherence and strength. The failure of such a gun 
could not, however,  be fairly attributed  to defects in  its material. 
Yet  this was precisely the mode of proceeding  adopted, in  the 
construction of cast-iron ordnance,  cast solid and cooled from the 
exterior. A gun so cast and cooled might be considered as 
composed, or built up, of a series of thin concentric layers, or 
rings! formed by successive congelations, one within another;  the 
exterior  ring  being congealed by contact with the cold surface of 
the mould ; the second ring forming a t  the cooling point of the 
metal, upon and within its exterior predecessor, and so on. The 
exterior of the casting would thus have cooled down to a tempera- 
ture at which contraction had ceased, while the interior  remained 
a t  the melting point. The result would be, as  stated by Mr. Mallet, 
that  “in a casting of 2, or 3 feet, or more in  diameter,  it is not 
unusual, (with the founder’s best care,) to find a central portion of 
from 6 to 8 or more inches in diameter,  consisting of a spongy 
mass of scarcely coherent crystals of cast  iron, usually in  arbo- 
rescent masses, made  up of octohedral  crystals ; the whole so 
loose, that upon a newly-cut section, dark cavities c,an be  seen by 
the  naked eye in all directions, out of which often, single, or grouped 
crystals can be picked with the hand, and so soft, that a  sharp- 
pointed chisel of steel may be easily driven into the mass some 
inches, as if into  lead, or soft stone.”’ It was true, that a large 
portion of the defective core of spongy metal was usually removed,. 
by the process of boring  out ; but still, soft spots were left, which 
were easily bruised and  burnt away, by the shock and blaze of 
the powder. And even if free from such flagrant defects, a 
gun, so cast and cooled, must, inevitably, have the  texture of its 
metal loosest, where it ought  to  be closest ; and  that portion of 
its  material  in extension, which ought to  be in compression, and 
vice versci. On  the  other hand, when a gun was cast hollow and 
was cooled from the interior, the concentric layers, or rings, 
formed by successive congelatious, were each, so to  speak,  shrunk 
on, outside its Congealed and cont,racted predecessor, just as in a 
built  wrought-iron gun ; the interior was thus put  into a state of 
compression, and  the exterior into  that of extension, which were 
the conditions of maximum efficiency. 

The  United  States experiments had demonstrated, both the 
practicability of casting guns hollow,  on a chilled core, and also the 
immense superiority in durability, possessed by guns so cast, over 

&C.’’ By R. Mallet. 4to. London. 1856. Pages 20 and 21. 

- 
1 IT& “ On the Physical  Conditions involved in tllc  Construction of Artillery, 
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those  cast solid and cooled from the exterior. In  these experiments, 
three  pairs of guns were cast ; two pairs of 8 inches, and one pair 
of 10 inches calibre. Each pair was cast from the same iron, 
melted in two furnaces, which discharged, by separate streams, 
into a common reservoir, whence it issued in a single  stream, and 
dividing, fiiled both moulds simultaneously. One of each pair was 
cast solid, in  the usual  manner, and  the other,  according  to the plan 
invented by Lieutenant Rodman, was cast hollow,  by means of a 
core, formed on a tube of cast iron, through which a stream of 
water  constantly  circulated, while the iron was cooling. The core 
tube was water tight,  and was  closed a t  the lower end. The water 
was admitted  through  an  interior tube,  descending  nearly to  the 
bottom of the core tube, and the  water then ascended  through 
the  annular space  between the two tubes, and was discharged from 
the core, at a point above the casting, flowing off in a heated  state. 
In  the first 8-inch guns so cast, the flow  of water through  the core, 
was continued  for  forty hours. The core was then withdrawn, and 
the water was passed  through the  interior cavity formed by the core, 
for twenty hours more. The total  quantity of water passed through, 
was 6,000 cubic  feet. I n  the case of the second 8-inch gun, 10,000 
cubic feet of water were passed through, in sixty-five hours;  the 
core  haviug  been withdrawn after the first twenty-five hours. In 
the  third case,-a 10-inch gun,-22,560 cubic feet were pnssed 
through  in ninety-four hours, when an unsuccessful attempt was 
made  to withdraw the core. In  each case a fire was kindled at  
the bottom of the it directly after casting, and was continued 
during sixty hours. %he pit was covered, and  the iron case, con- 
taining  the  gun mould, was kept at as high a temperature as it 
would safely bear,  being nearly at a red heat all the time. Each 
pair of guns, thus cast simultaneously, and from the same metal, 
the one hollow, and  the  other solid, were simultaneously proved. 
The results, which were given in  detail, proved, that  the endur- 
ance of the  gun which  was cast hollow, greatly surpassed that 
which  was cast solid. The difference, in one case, was more than 
twenty to one, in which case the- gun which was cast hollow 
remained  uninjured, after fifteen hundred discharges, and one 
thousand  additional  discharges had been, subsequently, recorded, 
whilst that which was cast solid, burst at the seventy-third round. 
In  the  aggregate of all  the cases, the difference was as eleven to 
one, in favour of guns which  were cast hollow. From  the pre- 
cautions taken  to insure  identity of material in both guns, of each 
pair, and for preserving an exact uniformity in the proof of each, 
the  great difference of endurance must be  ascribed solely to the 
different methods of cooling the castings. 

Now considering the proofs recorded  to have been borne with 
impunity, by certain old-fashioned iron guns, notwithstanding the 
disadva.ntage  they laboured under, in having been cast solid, which 
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guns  had been fired  repeatedly, with a charge of powder equal to 
the weight of the  ball and with seven balls, or with a charge half 
the weight of the  ball  and sixteen balls, it  might reasonably be 
expected, that when cast hollow, and with the  additional  advantage 
of the diminished calibre and  charge of the modern rifled cannon, 
the same  material, if judiciously treated, would be found adequate 
to any  strain  to which it could possibly be subjected in service. 

The method of casting hollow, on a chilled core, might be 
obviously applied, with increased facility, to a breech-loading 
cannon; for the continuity of the bore would  allow of the more 
exact centering of the core. Indeed  the core might  be so accurately 
fitted to the calibre, as to  permit the  gun to  be bored out and 
rifled, without penetrating  the crust of chilled metal formed on the 
core. Such a gun, by presenting an absolutely impermeable sur- 
face  to the exploding gases, would prove almost indestructible. It 
would further conduce to strength  and durability, and to preserve the 
hardened crust formed on the exterior surface by the contact with 
the mould. This was done with the iron guns cast at  the Belgian 
Government foundry, at Li’ege, where instead of turning off the 
crust, as was the practice with guns manufactured in this country, 
the  guns were only  bored and finished, without removing any part 
of the  outer skin. H e  believed the cast-iron gun of the  future 
would  be cast hollow, on a chilled core, and  that  the exterior 
crust would be preserved. The  exterior should be plain, and 
devoid of the ornamental  astragals, reinforces and sudden changes 
of thickness, which, owing to  the re-entering  angles  they produced, 
and the  planes of weakness they  created, by their effect on the 
interior crystallisation of the  iron, so frequently  originated and 
were coincident with, the lines of fracture. The thickness of metal 
in the  chamber,  and thence to the muzzle, should likewise be pro- 
portioned by the  Dahlgren formula. He  thought it should be a 
breech-loader ; and  he believed the  Whitworth  arrangement would, 
probably, be found better  adapted to cast-iron guns, than  the Arm- 
strong system, in which the cylinder of the  gun was weakened by 
the slot  required  for the moveable breech. The rifling should be 
free from re-entering angles, which were a source of weakness in cast 
iron, and  it should be  such as to weaken the cylinder, i n  the least 

possible degree. The form that would best 
answer these conditions, and which was shown 
in  Fig. 27, would be one that would bear  the 
same relation  to the three-grooved rifle, that  thc 
Lancaster oval did to the two-grooved  rifle. 
Hexagonal rifling would be inapplicable to  cast- 
iron  guns, on account of the re-entering  angles 

Fig. 27. it would present  to the exploding gases. Pro- 
jectiles  exactly fitted to the form of the rifling, now suggested, 
might  be cheaply manufactured by self-acting shaping machinery. 
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The present  tendency of naval armament  appeared to be, to  place 
heavy guns, intended  to fire a t  extreme ranges, and consequently, 
with high trajectories, on  board comparatively small and unsteady 
craft. Under such conditions, the most practised  marksman 
would seldom succeed in  hitting a distant object, unless he had 
the means of instantaneously  discharging the piece, at the 
exact moment,, in  the roll of the vessel, when the object was 
covered. T o  secure this result, it was desirable that some arrange- 
ment should be devised, by which the marksman,  looking  through 
a telescope exactly  parallel with the  line of aim, might discharge 
the piece at  the  lucky instant, as if he fired from the shoulder, and 
with a hair  trigger. For. coast defences, it  would be advisable to 
establish a telegraph communication with two posts of observation, 
two, or three miles distant  to  the  right  and left of the battery. From 
these  observing stations  the exact  bearing, or angle subtended by 
the direction of the battery, and  that of an enemy’s vessel in  sight, 
might  be instantaneously and cotemporaneously telegraphed  to  the 
battery, where, by means of the intersection of two rules, on a gra- 
duated plane  table, the  exact distance of the vessel from the 
battery  might  be  ascertained at any moment, without any process 
of calculation. 

I n  recording experiments on various descriptions of rifled arms, 
it  appeared desirable  to adopt a common standard of ratios, in 
registering  the elements of each, as by this means, alone, could a 
fair comparison be instituted between them. These elements 
were four in number, of which the first three were the  more im- 
portant. First,  the  ratio of the weight of the  charge  to  the 
weight of the projectile ; which ratio,  supposing the bore of  suffi- 
cient  length to burn the powder, determined  the ‘ initial velocity.’ 
Secondly, the  ratio of the weight of the projectile in pounds, to each 
square inch in  the  area of its cross section ; on which ratio de- 
pended  the loss of  velocity of the projectile during  its flight. 
Thirdly,  the  ratio of the twist to  the calibre, as one turn  in so 
many calibres; on which depended the accuracy of flight and 
the  amount of elongation that  might be  given  to the projectile. 
And fourthly, the  length of the chase, or bore in calibres ; as unless 
this was sufficiently long,  the powder would not produce its full 
effect. This last element would be affected by the description of 
powder used, whether fine, or coarse-grained, and on the  ratio of 
the space occupied by the powder to  the capacity of the chase. 
The  ratio of the  charge of powder to  the weight of the projectile, 
ranged from one-tenth to one-fourth ; and  the  ratio of length of 
bore  to  the calibre, from 25 to 1, to 88 to 1. As regarded  the 
rate of twist, measured in terms of the calibre,  according to  Major 
Croquillet, of the Belgian artillery,  the  turn of the grooves should 
be to each  other, in  all rifled arms, as their calibres, provided the 
projectiles were similar. Colonel Theroux of the French artillery, 
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gave a similar  formula, for determining  the proper twist of 
grooves, for  firing elongated balls. H (the helix, or twist) = 56.8 D ; 
D being  the  diameter, or calibre. This  rate of twist was 
also  found to  be  the best, in  General Jacob's experiments, and 
was adopted in  his pattern rifle. The  ratio of twist to calibre, 
ranged from 1 turn in 20 calibres, to l turn  in 136 calibres. In 
the case of each particular gun, or rifle, all four ratios,-weight of 
powder to that of projectile,-weight of projectile to cross section, 
-rate of twist,-and length of  bore,-must be  considered  together, 
and  in connection with each other. For  there were different 
means for effecting the same  ends ; and in  many cases, a deficiency 
in one of the four ratios  might  be  made  up by an excess in 
another.  Thus,  in  the case of the twist, its object was to  give a 
certain  amount of rotation to  the ball, as it left the muzzle. This 
requisite  amount of rotation might be  obtained, either by means 
of a rapid twist combined with a low initial velocity, or by a 
slower twist, combined wit,h a high  initial velocity. The first 
mode was adopted  in  the rifle of the  Sardinian  Bersaglieri, where, 
with a projectile 0 * 65 in  diameter,  not a diameter  and a half in 
length,  and weighing 530 grains,  the  charge was only 54 grains, 
or little more than one-tenth. The initial velocity was, conse- 
quently,  exceptionally low, and a very rapid twist was required, 
to establish the necessary rotation in  the balls. The twist was, 
accordingly, 1 turn  in 17  inches, or in 26 calibres. The second 
method was adopted in  the Swiss Federation rifle. In  this, instead 
of one-tenth, the  charge of powder was one-fourth of the weight of 
the balL This produced so high an  initial velocity, that 1 turn  in 
77 calibres sufficed to  establish  the  requisite  amount of rotation in 
the  ball  Each of these two methods would secure equal accuracy, 
in  firing at a mark, a t  a known distance ; but  the  Sardinian rifle 
ball would have a much higher trajectory, and much less pene- 
tration,  than  the Swiss, Rapid  rotation could not be combined, 
beyond a certain extent, with a high  initial velocity, unless the 
projectile was made with projections to fit the grooves. Without 
such projections, at high  initial velocities, the ball would 'strip,' 
or 'be driven  out without taking  the rifling. Hence those ex- 
perimenters who, like  General  Jacob  and Mr. Whitworth,  had 
obtained the  greatest results, by discerning  clearly the  advantage 
of combining the accuracy of rapid rotation, with high initial 
velocity, and  its consequence, a flat trajectory and  great pene- 
tration,  had  adopted projectiles made with projections to fit the 
grooves ; and he-believed, such projectiles were destined to super- 
sede those which were forced into  the  guns by the explosion of the 
powder. There was one disadvantage  attendant on an increase of 
twist. It increased the drift,' or tendency of the ball to carry 
to  the  right of the line of aim, when the  turn of the rifling was 
from left to right,  and to carry to the  left when the rifling was in 
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the  contrary  direction.  Thus,  though 1 turn  in 57 calibres was 
considered the most advantageous  in  other  respects,  the  French 
Commission adopted a twist of 1 turn  in 135 calibres, to  reduce 
this  drift. The drift  might be diminished by grooving  the 
projectile  transversely. It was found that  the  drift of cylindro- 
conic balls, like  the Enfield,  without  grooves,  fired  from rifles, but 
with the  same  twist  as  the  Enfield, was 10 feet  in 872 yards; 
with grooves, the  drift was inappreciable, at the  same  distance. 
It was probable, that  the  projecting  angles of the  Whitworth 
hexagonal  projectile  answered  the  purpose,  as well as groove’s. 

It was also found, in the experiments  tried by the  French 
Commission, that when the  centre of gravity of an  elongated pro- 
jectile was near  the  front,  the  point of such projectile  drooped 
below the  trajectory,  in  its  flight ; that when the  centre of gravity 
was near  the  rear,  the  tail drooped ; but  that when the  centre of 
gravity was  in the  centre of the  length of the projectile, the  axis 
of such projectile  remained  coincident with the  line of trajectory, 
throughout  its flight. I t  was  obvious, that  the  resistance of the 
air would be at  a minimum, in the  last case, and  this explained 
the  improvement that was effected in  the  range of the  Whit- 
worth projectiles, by tapering them in the rear  as well as in the 
front. By increasing  the  twist, it became practicable  to  increase 
the  elongation of the  projectile  to  the  extent of seven diameters, 
if such  a  projectile was annularly  grooved.  But  the  elongation of 
the  projectile was limited by other  considerations ; and  it was now 
established,  that from two and a half  to  three  diameters would  be 
the  utmost  amount of elongation  adopted, save in  exceptional 
cases. 

The loss of velocity  in the  projectile, from atmospheric resist- 
ance,  during  each second of its  flight,  depended on the  ratio of 
its weight,  to the  area of its cross section. This  ratio  might be 
conveniently  expressed in  terms of the  weight of the projectile, 
in  pounds for each  square inch of the  area of its cross section. 
For example,  in the  Armstrong  3-inch gun, the  area of the 
moss section of the bore, or proJectile, would be about 7 square 
inches ; and  the weight of the  projectile  being 12 Ibs., the  ratio of 
weight  to  atmospheric  resistance would be $a,e = 1 71 lb. 
per  square  inch. In  the case of a rifle ball 4 inch  in  diameter 
and weighing 1 oz., the  area of its cross  section would be about 
0 . 2  square  inch,  and  its weight, 0.0625 lb. The  ratio of weight 
to  resistance would, consequently, be 0.313 lb.  per  square  inch. 
The appended  Table,  (page 392,) gave  the  elements of twelve of 
the  most  approved  rifled  arms. 

He  had  already observed, that  equal  rotation,  and  consequently, 
equal  accuracy  might be obtained,  either by combining  a  small 
charge  in  proportion  to the weight of the ball, that was to  say,  a 
low initial  velocity with a very rapid twist, or by combining  a 
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higher initial velocity with a slower twist;  but  that though the 
accuracy was the  same in both cases, the  latter method gave a 
flatter  trajectory and  greater penetration.  Similarly,  there were 
two methods for obtaining  equal ranges; first, by combining the 
use of  low initial velocity with that of a projectile of high ‘ main- 
taining power,’-or, one whose weight bore a high proportion to 
its surface of resistance ; or, secondly, by combining a higher 
initial velocity with a ball of lower ‘ maintaininv ower.‘ The 
latter principle, which  was best carried out in the bwiss rifle, had 
the  advantage of attaining  the same results, with a smaller  weight 
of projectile ; thereby diminishing the recoil, and  enabling  the 
soldicr to carry a larger  number of rounds of ammunitiou. 

The most important ratios in  the  Table were those  given in 
columns 9 and 10, which determined the  “initial velocity,” and 
the “maintaining  power” of the projectile. T11e comparative 
initial velocity,  in the various cases, would be directly as the 
numbers set opposite to them, in column 9, and  the  maintaining 
power of the ball,  directly as  the number set opposite each, in 
column 10. The msint.aining power was due to  diminishing 
the loss of the hall’s  velocity, during its flight, by  reducing the 
ratio of its resistance, or cross sectional area,  to  its weight. This 
might be done, either by increasing  the weight of the ball, without 
altering  its proportion of length to  diameter, or by reducing 
its diameter and cross section, and increasing its  length, 
without altering its weight. The  latter method was the best, 
and was carried  to its utmost extent in the  Whitworth rifle. It 
must  be  remembered, that  the ratios of maintaining power, given 
i n  column 10, assumed that  the ball was  so balanced in  the centre, 
as to fly with the whole length of its  axis coincident with the  line 
of trajectory,  throughout its  flight;  but if the  centre of gravity 
was not in  the  centre of its length, the ball would droop either  in 
the front, or  the  rear.  The  axis  being  then inclined to the  line 
of trajectory, the resisting surface would be commensurately in- 
creased, and  the  maintaining power would be diminished. 

The  three  great principles of effect, in rifled projectiles, were :- 
initial velocity, maintaining power, and rotation. Neither should 
be  carried to such an  extent  as to  interfere with the due applica- 
tion of either of the  other two, and  the perfection of a rifled arm 
consiiteci in the happy combination and  due relative proportion- 
nlent of all  three conditions. 

The conditions that should be fulfilled by the form of rifling, 
both  in  respect to  the projectile and in respect to  the gun, would 
appear to be, that  the projectile should be of such a profile, as to 
admit of its being economically constructed and shaped by ma- 
chinery, so as to fit the grooves of the bore with great accuracy. 
I t  should be simple and  not liable to injury in carriage, and  it 
should take  the rifling without friction. The form of riflmg should 
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be such, as should avoid re-entering angles, and should weaken 
the  gun in the  least possible degree. The projectiles used for 
rifled ordnance were divisible into two great classes:-Those 
made with projections to fit the grooves ; and those without such 
projections, but which being of lead, or coated with lead, were 
forced into  the grooves, by  the explosion. In the infancy of 
rifled cannon, it was assumed, that  the only efficient method of 
eliminating windage, was  by the  adoption of a lead-coated ball, 
forced into  the grooves, by the explosion. But experience had 
since shown, that by the use of a simple cast-iron shot, shaped to 
the rifling by machinery, and provided with a greased wad, tbe 
windage might  be  reduced equally well, and wit,hout subjecting 
the  gun  to  the  great increase of strain  and to the friction inci- 
dental to the use of the ' forced ball.' As such simple shot, 
made with projections to fit the rifling, could be fired with a 
quickcr twist, without the possibility of stripping, were cheaper 
to manufacture,  less  injurious to the gun, and much less liable  to 
injury,  in carriage, there was little doubt, in his  opinion, that  ere 
long, they would supersede the forced balls. 

Major-General ANSTRUTHER said, there was an  apparent error 
in  speaking of cast  iron as being of uniform strength,  and of gun- 
powder as having a fixed force. H e  had seen an English  8-inch 
cast-iron shell, which could not carry its own weight, filled with lead, 
and thrown with 2 ounces of  powder, to a distance of 150 yards. 
H e  had known the  strength of powder to vary so much, as with the 
same weight, of charge, in one case to throw a given projectile to a 
distance of 300 yards, and in another to 1,200 yards. I n  the 
former  instance the powder was of Chinese, and  in  the  latter of 
English,  manufacture. 

Mr. PEARSON proposed to confine the few remarks which he 
should make  to the construction of a gun to  withstand the 
greatest  amount of internal pressure ; as, although  he  had some 
opinions with respect to a particular kind of shell, and to the 
principle upon which a gun  ought  to  be rifled, he thought those 
questions  deserving of separate  and distinct discussion. Pre- 
vious to  the  Great Exhibition of 1851, he had  made a gun, 
on a principle of  his  own, but was persuaded not  to bring  it for- 
ward on that occasion. H e  thought  the  gun should be  made of 
wrought iron, and  that  the  grain, or fibre of the iron should be 
placed in such a direction, as to  enable the whole of its  strength  to 
be employed in resisting internal pressure. I n  welding the  gun, 
care should be taken to heat  the iron properly, and  to work and 
use the  material  to  the  greatest  advantage, when so heated. H e  
believed, that a wrought-iron gun could be  made of one-half the 
weight of a cast-iron gun, to  carry the same weight of shot, and  to 
do  the same amount of execution. H e  then  proceeded  to  describe 
two ways of making guns. In  the first, a bar of iron was coiled 
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spirally  round a steel tube, which formed the bore. The outer 
case was to be welded together, so as to become one piece when 
finished. A square  thread was then to be cut on the outside of the 
steel tube, and a corresponding  one on the inside of the iron case. 
These  should be so arranged,  that when the iron case was heated 
to a blood-red heat, and  the steel  tube was screwed in, proper 
appliances  being  provided for the purpose, there should be a suffi- 
cient amount of contraction to cause the iron case to bind the steeI 
tube firmly. The  thread of the screw need not be more than ,',th 
of an inch deep. Supposing  t,here  happened  to be a defect in the 
welding of an  joint in the  outer case, the  thread on the steel 
tube would he I" p to keep it firmly together. I n  fact, he did not 
think one could separate from the other, without the bursting of 
the  gun itself. When  the stcel tube was worn out by service, by 
heating the  iron case, and unscrewing the old tube, it could be 
replaced with a new one ; and  thus a perfect gun be obtained for 
the cost of a new tube. The iron gun, or case would answer 
for a series of steel tubes. The second plan was to coil two bars 
of iron of a V shape, one over the other. When rolled together, 
they would represent a kind of double V, the solid part of the 
outer bar embracing the joint of the inner coil, and vice verscl, 
so that  there was  no joint  through the metal. Guns might be 
made upon that principle of any size, from a pistol up to  an 80- 
pounder. Musket, or rifle barrels could be  made, either of iron, 
or steel, on the same principle, by machinery, quite as  readily  as 
common barrels, or gas tubes were now made. 

With reference to the various forms of guns, which had been 
noticed, he was prepared to  admit, that  the plan of shrinking a 
series of hoops upon an old cast-iron gun, would add considerably 
t,o its strength. But he did  not think that plan ought  to be 
adopted, in the case of new guns, because they might be made 
on a cheaper and  better method. Notwithstanding  the favourable 
results  obtained with a gun on that system, he thought too high 
an estimate had been entertained of the  strength of such a 
gun.  The fact appeared to have been overlooked, that. a hoop 
was wea.kened just in proportion  to the  amount of contraction put 
upon it. H e  contended, that a hoop in its usual state, was 
stronger  than when it was put  into a state of tension. Suppos- 
ing a weight was lifted 15 feet high, and a hoo  was placed under- 
neath, with a tapered mandril in it. I f  five b I; ows were sufficient 
to burst  the hoop, it would, after  it  had received one blow,  be  one- 
fifth part weaker than it was previously ; and he considered, that 
shrinking a hoop on tu  a solid body was tantamount to  giving it 
one blow. H e  knew from experience, that if a hoop was made so 
small, that  it had to  be considerably heated, and  it was then forced 
on to  its piace, i t  would frequently  break by the power of its own 
contraction. H e  had no hesitation  in saying, that many accidents 
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on railways had been occasioned by the  tyres of the wheels of the 
carriages having been shrunk  on too tight;  and when  worn, they 
had not sufficient strength to  resist the tension to which they were 
subjected by the contraction. 

Mr. WHITWORTH exhibited a model of his rifled cannon, which 
he had  brought to the  Meeting, at  the  request of the  President, 
through whom a number of questions were addressed by the 
Members  to Mr. Whitworth, who explained, that the meta.1 used 
in the construction of his guns, was the  material called  'homo- 
geneous iron,' which partook largely of the  nature of mild steel. 
It was made chiefly from bars of Swedish iron, cut  into  short 
lengths,  melted in crucibles, and cast into a large cylindrical 
ingot, which was subsequently  forged,  under a tilt hammer, int,o 
the required form. The guns were forged solid, bored  out in the 
usual manner, and rifled uniformly throughout  their  length, 
without. leaving any chamber at the breech end.  The pitch of the 
rifling in a 12-pounder gun was one turn  in 60 inches. 

The operation of loading was very simple ; the breech, which 
consisted of a screwed cap, suspended in a hinged  collar, so as to 
swing freely to the  right hand of the  gun, was unscrewed and 
turned aside, the rifled projectile was introduced, and followed by 
the  metallic case cartridge, with its lubricating wad at  the forward 
end, the breech cap was swung home and screwed up, the fuse 
was introduced through  the centre of the breech, and. the  gun was 
tired. This operation was so simple, that  great  rapidity  in tiring 
could be attained, if it was considered desirable. 

One of the projectiles exhibited was a 2&lbs. shot, which had 
been t h r o m  the distance of 54 miles, by a charge of 8 oz. of 
powder, when fired from a  small  3-pounder gun, weighing 208 lbs. 
The gun was fired at  an elevation of 35". 

The  cartridgc used was made of tinned iron,  sbaped to tit the 
rifled bore ; the powder was retained in it by the  lubricahg wad, 
wl~ich was placed in the open end. This wad  was composed of 
wax and tallow, and when the explosion took place, it was melted 
and was driven through the  guu,  lubricating  the bore so thoroughly, 
that with a good quality of powder, the  gun might be tired, for 
ahnost  any period, without requiring to be cleaned by sponging it 
out. Some of the projectiles were cast in the proper form, the 
hexagonal bearing surfaces  being cut, or shaped, by self-acting 
machinery. The cost of shaping a 12-lbs.  shot did not exceed the 
expense of a penny  per shot, for wages only. Very  long experi- 
mental shells had been fired from the  24-pounder  guns ; and as 
there was not any chamber in  the  gun, a large charge of powder 
and  any  length of projectile might be used ; it was, therefore, easy 
to try various charges and weights of shot, and thus  to find out 
what was the proper charge of powder and what was the best 
lcngth of shot for t,he gun, for a particular object. The 3-pounder 
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gun would, with a suitable charge of powder, throw a shot  weighing 
2$ h . ,  further  than  it would throw a projectile  weighing  2 lbs., or 
3 lbs. A shot  weighing 24 lbs. was, therefore, shown to be  the kind 
of projectile best suited to a gun of 14 inch calibre. In  the  same 
way, the proper  weight and form of projectile best suited  for the 80- 
pounder gun, was determined by a series of experiments, which 
showed that  the  gun called a G%pounder, was that best adapted 
to an SO-lbs. shot. \Frith this weight of projectile the best mo- 
mentum was obtained,  and  it was, therefore, the most effective. 
The various forms of projectiles exhibited, had been arrived a t  by 
very careful investigation, and were not t,he result of h priori 
reasoning  alone ; they were, in fact, the results of many  experi- 
ments, and  as facts were obtained, further experiments were insti- 
tuted, a.nd thus  the ultimate  results were atta.ined. The flat- 
fronted projectile was a model of that fired through the iron 
plate, 4 inches thick, and  the  side of the ship ‘Alfred ’ a t  
Portsmouth,  from a distance of 450 yards. That projectile was 
fired from a cast-iron gun, such as was ordinarily used in the 
service, except that it was rifled : it was too  weak to  bear  the 
strain,  and  it  burst  the  day  after  the experiment, above referred 
to, was made.  Flat-fronteti prqjectilcs weighing 24 lbs. were 
fired from brass howitzers rifled  by Mr. Whitworth in 1S56. 
They were fired during a series of experiments,  made by Captain 
Hewlett on board the ‘Excellent.’ The shot passed through 
30 feet of water  diagonally, and 8 inches thickness of oak,  piercing 
the  timber 3 feet below the surface of the water, and  burying 
itself many feet  in the earth,  or mud. This was believed to be 
thc first instance of a shot having passed through water, with such 
an effect. When spherical shot, or long projectiles, with rounded 
fronts, were fired into the water, they would not penctrate below the 
surface, but they turned  and came out again. The flat-fronted 
shot was the  best form for  traversing iron plates. If  the round- 
fronted form of shot was fired agairist a thick wrought-iron 
plate, it displaced the particles of the iron  plate, in a &era1 
diwction,  and  had to overcome the  great  lateral resistance they 
offered to its passage. I n  the case of the flat-fronted shot, the 
resistance was confined to the exact  spot on which the flat front 
of the shot struck ; the resistance  was direct  and not lateral ; 
and if t,he momentum of the shot was  sufficient, and  its particles 
cohered together, it, punched a hole in the plate. In  the experi- 
ment made  on board  the ‘ Excellent,’ the  gun was depressed, and 
the shot, fired at an angle, passed through 30 feet of water, 
striking  the  oak  target  and piercing it, 3 feet below the surface. 
The shot weighed 241bs., and  the  charge of powder was 241bs. 
The  gun was a brass howit,zer 52 inches  long, such as was 
used in  the service, except that  it was rifled. From  that 
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howitzer an  experimental shell, 40 inches  long, had been fired,which, 
with the  charge of powder, nearly filled the bore of the piece. 

I n  reply  to a question relating  to  the  strength of the  material 
used for the rifle, Mr. Whitworth observed, that he had put into a 
rifle barrel, 1 inch in diameter at the breech, with a bore of 0.49 
inch, a leaden plug 18 inches long, as tightly as it could he driven 
home upon the  charge ; it was fired with an ordinary  charge of 
powder, and  the  long  leaden  plug  being expanded by the explosion, 
remained  in  the  barrel,  the gases generated by the gunpowder 
all passing out  through  the touch hole, which was small and lined 
with platina. The  lead was then melted out of the barrel, and 
the  same experiment was repeated four times, with the  same 
results. H e  was, therefore, satisfied, that  the homogeneous metal 
was. sufficiently strong, to resist the  greatest  strain  to which,  in 
practice, it could ever be subjected. 

Much  had been said as to the  alleged  great cost of the  Whit- 
worth rifles. But cost should be considered relatively  to the 
material  and workmanship, which should be of the best  quality 
for the best weapons. In  the first place, the best material  that 
could be obtained was employed. I t  cost $60 per ton; it was 
very hard, very tough, and very difficult to be worked, but then 
it was very good, very strong, and very durable. I t  was unreason- 
able  to compare the price of a rifle made of such material, with 
that of a rifle made of the softer  and  more easily worked, but far 
less durable  material used at Enfield, for the ordinary service 
musket. Some time since, Mr. Whitworth  had recommended, that 
rifles  should be made, at  Enfield, with his  bore and twist in rifling, 
of about two turns  in  the length of the  barrel of 39 inche,, or one 
turn  in 20 inches, instead of only half a turn, as in  the Enfield 
rifle. H e  recommended, that rifles should  be  made,  having that 
comparatively quick turn  and  the hexagonal bore of the diameter, 
which he employed ; and  he  had  no  doubt whatever, if that  had 
been done, the effectiveness of the rifles  would have been doubled, 
and they would have  been made at the  same expense. I f  a rifle 
was made of a material more expensive and  harder  to work, it 
could not  be done at the  same  cost; it wodd, however,  be better, 
and  in reality, it would be more economical, to make a more 
effective and more durable weapon, as  the increased cost would be 
recovered  in the extended wear. 3Ir.Whitworth stated, that  in 
the competitive trials  made before an official Committee, between 
the  Whitworth  and  the Enfield rifles in April  1857,  the results 
were pretty  nearly  about  three  to one in favour of the  Whitworth 
rifle, in accuracy of firing  and  length of range. A target was 
made with the Whitworth rifle a t  2,000 yards, whilst the  longest 
range of the Enfield rifle was 1,400 yards. 

Reverting to cannon, Mr. Whitworth explained, that  the 80- 
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pounder gun was purposely made so strong, that  it could be 
submitted to any proof, without injury. It was made of homo- 
geneous iron. Upon a tube,  having an  external  taper of about 1 
inch, a series of hoops, each  about 20 inches long,  were forced by 
hydraulic pressure. Experiments enabled him to  determine  accu- 
rately what amount of pressure  each hoop would hear. All  the 
hoops were put. on with the  greatest amount of pressure they would 
withstand, without being  injured. A second series was forced over 
those first fixed, and  thus  the SO-pounder un was constructed. At  
the present  time, it was not necessary to a ave the second series of 
hoops, but it was thought  better, in the case of the first large rifled 
cannon, to have it stronger  than was practically necessary ; in fact, 
to  make it so strong, that gunpowder could not burst it. I n  the  12- 
pounder there were not any hoops at  all, and Mr. Whitworth be- 
lieved, that a  large-sized gun could be  made with this homogeneous 
metal, without hooping it. The inside of the 80-pounder gun was 
made of a tube of homogeneous metal ; and the external rings were 
of fibrous iron, except two hoops next  to  the breech, which were 
made by Mr. Clay of puddled  steel. The hoops were put on cold. 
The rifle twist in the 80-pounder gun was one turn in 100 inches ; 
in  the  12-pounder it was one turn in 60 inches ; and in the small 
3-pounder, i t  was one turn in 40 inches. With respect t,o the 
degree of rifling adopted in the  Whitworth guns, enabling  the 
powder to  be consumed more effectually, the following experiment 
was mentioned. Two barrels alike  in  diameter  and bore were 
prepared ; all the conditions were identical,  except  the difference 
of twist in  the rifling. One  barrel  had two turns, and  the other 
had four  turns. I t  was found, on placing  them  both at   an 
elevation of l0 20,  and firing  them with 50 grains of powder, that 
they  each carried  the shot to about  the same height on the target. 
Mr. Whitworth then fired them with an increased charge of 
powder, and t,he barrel with two turns  sent  the shot considerably 
higher upon the  target, while the  barrel with four turns  sent  its 
shot but very little higher than with the small charge. A length 
of 10 inches was then  cut off the  latter barrel,  leaving only three 
turns, and it was fired again with the increased  charge. The 
result was, that,  the elevation remaining  the same, it threw its 
shot higher on the target., than  the other  basrel. This showed, 
that rot,ation must bear a due proportion to  the  length of the 
barrel. It was desirable to  have as much rotation as possible, 
taking into consideration the  length of the gun. With a very 
long gun, it was not advisable  to have very rapid rotation, as the 
quick turn of the projectile was most felt at the muzzle. 

It was further explained, that  the experiments of  which Mr. 
Whitworth  had spoken, were made a t  Port,smouth, against, the side 
of the  ship Alfred,’ covered with iron plates 4 inches  thick. A t  
a range of 450 yards, the shot traversed the iron  plate, and also 
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pierced the  side of the  ship on which it was bolted ; the shot was 
picked up inside the vessel. Experiments were about to be made, 
to  try whether with the  Whitworth 80-pounder gun, the flat-fronted 
shot would traverse t.he wrought-iron  plates, 47:; inches in thickness. 

Mr. WHEATLEY remarked,  that  in  the course of experiments in 
the  United States, it was found, that round  shot  glanced off the 
target  at an angle of 15'. He thought it very likely, that Mr. 
Whitworth's  shot would rip open a plate at  that angle. It would 
be worth while to try  the experiment. 

Mr. CONYBEARE inquired,  whether Mr. Whitworth ha.d not 
found, that  an increased twist, increased the tendency of the  shot to 
be thrown on one  side of the  line of fire. Rifles, when fired from 
fixed rests, did not  throw the shot in one line of sight,  but either  to 
the  right hand, or to  the left,  according  to the rifling. The  French 
had reduced their rifling, in order to get  rid of the amount of 
divergence. 

Mr. WHITWORTH said the shots did diverge in  the direction in 
which the barrel was rifled ; but  there was no  practical  difficulty  in the 
matter, as the deviation could be  easily allowed for in sighting  the 
gun. I n  the  long ranges, very much  depended upon the influence 
of the  wind.. Sometimes it would carry  the shot 200 feet  to the 
left ; a t  other times 400 feet  to the  right, from the line of fire, sup-. 
posing that no allowance was made for it. 

The value of the self-acting machinery for shaping the rifled- 
cannon projectiles, would  be about 2500, to enable a workman 
to produce the shot at  such a rate, as that  the cost should not 
exceed one penny per shot., for wages only. 

Mr. BrDDER,--President,-remarked, it was a most.  material 
point that, continuing to use the same material, a service rifle 
might be made at Enfield, upon Mr. Whitworth's principle of 
rifling and loading, at  about  the same cost as that  at which the 
Enfield rifles were now supplied. I Ie  understood that to  be the 
opinion of Mr. Whitworth. H e  also presumed, that Mr. Whitworth 
still  retained  the opinion, that  the bore he adopted for his rifle,  was 
better  than  that which had been selected for the Enfield rifle. 

Mr. WHITWORTH replied, that his opinion was founded upon 
experiments, which showed that  the  diameter of bore he used, was 
more suitable for ordinary  men  than a larger bore, and for this 
reason ;-if men were by nature three  times  stronger than  they 
actually were, then  the bore of the Enfield rifle would be  right. 
There was for  each  bore a proper charge,  to  give  the best trajectory ; 
the  charge  that would give the best  trajectory with the Enfield 
bore, would  be far too great,  and would produce too  much recoil, 
for a m m  to bcar. He had, therefore, adopted a bore so reduced, 
that  the proper charge for it would only produce such a recoil, as 
was not too great for a man to bear. 

Captain TV.  S. MOORSOM said,  it seemed to  him, that  the observa- 
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tions, as to the size of the bore which especially affected the soldier, 
touched upon the line of demarcation which should be  drawn between 
the Civil Engineer  and those whose business it was to use these 
weapons ; and  he should like  to know,  how far it might be con- 
sidered as trenching upon a subject, which could hardly be sup- 
posed to be  properly  understood by  the  Members of the Institution. 
It was to be  borne in mind, that  at a recent period in  the military 
history of this country, one of the most vahable corps in  the 
service could not fire twenty rounds cont,inuously from the 
shoulder, without being  put ' hors  de combat,' in consequence of the 
improper construction of the  arm used. H e  was  by no means pre- 
pared  to say, that  it was within the province of the Civil En,' o-meer 
to discuss that question. I t  struck him as being singular, that 
whereas it  had been said by one who, he was told, was a scientific 
and practical man, and who  was placed at  the  head 'of one of the 
largest establishments of the Government, that  this subject. could 
only be handled by practical OAicers of Artillery; yet after  that 
preamble, not a single  practical  fact had been adduced, by that 
gentleman, to  illustrate  the question under discussion, or to throw 
any  additional  light upon it. If, therefore, there was anything 
which showed the necessity, and  the judiciousness of carrying out 
the suggestion of the  President,  that in the present Session, sub- 
jects of the most vital  importance  to the country should he enter- 
tained,  in a way which belonged only to  this  Institution,  not as 
going  beyond  what they knew as Civil Engineers,  it was afforded 
by the circumstance to which he  had alluded. H e  thought  the 
President,  and  the  Members of the Inst,itution  generally, had 
already conferred great benefit upon the country, and would con- 
tinue  to do so, by handling these subjects, with mutual temper, 
forbearance, and knowledge; so as  to  bring the  military and  the 
civil services into the best possible combination, for the improve- 
ment of the national resources and defences. There was now 
present one of the most practical Officers of the  Musketry  Instruc- 
tion of the  Army,  and he hoped General Hay would give his 
opinion to  the meeting, on the reduction of the  bore proposed by 
Mr. Whitworth. 

General a-4~ remarked, that  the t.rials he had  made  had 
been, to a great  extent, of a private character;  and he was not 
at liberty to divulge the  exact issue of'  those experiments. But, 
if he was called upon to give an opinion, as to the relative  merits 
of the Enfield and  the  Whitworth rifles, that was a matter upon 
which any man, who had carefully considered the subject, was 
competent to come to a conclusion. The small  bore would of 
course, in  accurate shooting, beat  the  large bore. There was a 
peculiarity abont  the  Whitworth small-bore rifles  which no  other 
similar  arms had  yet  produced; they  not only gave greater accu- 
racy of firing, but  treble power of penetration. For special purposesc 
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any description of bullet could be used, from lead  to steel. The 
Whitworth rifle, with a bullet composed of one-tenth of tin, pene- 
trated thirty-five planks ; whereas the Enfield rifle,  with  whlcb a 
soft bullet was necessary, only penetrated twelve planks. H e  had 
found, that  at a range of S00 yards, the velocity added to the 
hardened bullet gave a power of penetration,  in the proportion of 
1 7  to 4, in favour of the  Whitworth rifle. Velocity might be 
taken as a certain  test, cczteris parihus, of penetration. Thc 
penetrat,ion of the  Whitworth rifle was enormous, and this in a 
military weapon was of the highest importance, in firing  through 
sand bags, gabions, etc. The Whitworth projectile would pene- 
trate  through a sand  bag  and a-half, or through a three-feet 
gabion; whereas the Enfield would only go through one bag, 
or would only reach the middle of a gabion. H e  thought  the 
merits of the small bore had not yet been sufficiently understood. 
H e  was quite  aware  that it had been stated recently, that  the 
small-bore Enfield had beaten the small-bore Whitworth ; but 
nothing of the  kind  had ever taken place. Hitherto,  the subject, 
he  did not  hesitate  to say, had been  entirely misunderstood, and 
it was only by such discussions as these, that the public could 
learn  the real  facts of the case. It was proper also to state, 
that  the  exact bore of the Whitworth rifle had been adopted 
a t  Enfield, without acknowledgment;  that even the same twist 
had been given  to the rifling, 1 turn in 20 inches ; and  there- 
fore, it would not he very remarkable, if the  same accuracy of 
fire was obtained. But he had shown, that  there were other 
things  to  be considered besides accuracy. Supposing, for in- 
stance, that  the  same accuracy of fire was obtained with the 
small-bore Enfield, as with the  Whitworth rifle, there was still 
the fact of the penetration of the  latter being two-thirds more 
than  that of the former. These points were not sufficiently con- 
sidered. Mr.  Whitworth  had solved the problem he undertook,- 
how to project, to  the best advantage, a given quantity of lead 
with  a given quantity of gunpowder;  and  there was no gun  in 
England, at  this moment, which  would  fulfil that condition to the 
same  extent  as  the  Whitworth rifle. 

In reply to a question from the President,, General  Hay said, every 
gun, in which a certain amount of powder was exploded, would 
become foul. But if the bullet expanded properly, it  left the gun, 
as it were, sponged out, after every shot. Should  the  bullet not 
expand, the  gun, of course, would not be sponged out. H e  ventured 
to say, that  the FVhitworth small-bore rifle, fired with common 
sporting powder,  would never foul, SO as to render loading difficult. 
If  the lubrication was correct, there could not be  any such fouling, 
even when the rifle was used constantly for a month. He  had him- 
self fired one hundred rounds  one day, sixty rounds  the  next,  then 
forty roulds,  and so on, and  lcft  the  gun without being cleaned .for 
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ten days, when it fired as well as it did on the first day. But if 
the conditions, here insisted on, could not  be carried out ; if it was 
intended  that bullets  should  be fired, without proper expansion 
and lubrication, then  fouling would take place and accumulate in 
any  gun. I t  had been asserted, that  the  Whitworth small-bore 
must of necessity foul, because that  diameter of bore could not 
consume 70 grains of powder;  but it was  well  known, that  it  had 
consumed 100 grains of powder with advantage. H e  had  great 
pleasure in  thus bearing his testimony to  the merits of Mr. Whit- 
worth’s invention. 

Colonel EARDLEY WILMOT, R.A., said, there was one remark  in 
the  Paper,  the precise meaning of which it was difficult to under- 
stand. H e  apprehended, however, that  the  Author intended to 
convey the impression, that  the Select Committee on Ordnance had 
treated his invention with contempt. H e  would just remark, that 
the  Government  had  added to that.  Committee a Civil Engineer, 
Mr. C. H. Gregory, (V.P. Inst. C.E.,) a very proper compliment to 
the civil engineering profession ; Professor \Vheatstone ; and one of 
the most distlnguished mathematicians  in  Europc, ProfessorSylvester. 
It was not correct to say, that  the principle advocated by the  Author 
was pronounced defective. The experiment, or practice, was cer- 
tainly  found  to  be so, for by firing the  gun with a charge much 
less, he believed, than an ordinary cast-iron gun of the  same size 
would have been tested with, the breech was blown out, and  the 
wire uncoiled. The  original objection taken  to this  arrangement, 
was the difficulty of making a sound  breech in a wire gun;  and 
also that if the  gun were struck by a shot, it would, probably, be 
rendered unserviceable, owing to  the  cutting of the wire, or at  all 
events, the  extreme accuracy of tension, said to be necessary, would 
be  affected. There was no reason, perhaps, why guns should not 
be  made upon that  plan;  and  it  might be the case, that  the 
Author  had improved his gun,  and  had been more successful on 
each of those two points than formerly. The  diffjculty of securing 
the breech was very great.  When a certain number of rounds had 
been fired from Capt.ain Blakely’s gun, (Fig. 9, page 304,) the breech 
was  blown out. That would be a difficulty with all muzzle-loading 
built-up guns ; but with breech loaders it would be more simple. H e  
had witnessed the first experiments with the  Whitworth  gun,  and 
could bear his testimony to the remarkable power of the howitzer 
gun, which had been  mentioned. H e  had also been present at 
the  early experiments with the  Armstrong  gun, at Newcastle. 
The accuracy of the firing was as  remarkable then, as it was at  the 
present time. A t  a distance of 1,500 yards,  he could stand within 
80 yards of the  target, without cover, with perfect confidence. 
That gun not now made of the  same material,  nor in the  same 
nlanner ; the rifling was different, and  the form as well as  the mode 
o f  manuf&ture of the shot, to what was then  the case ; SO also, 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



404 CONSTRUCTION OF ARTILLERY. 

Mr. Whitworth now appeared with a breech-loading gun of a dif- 
ferent material. If Mr. Longridge  had made modifications in his gun, 
in  like manner, and if it was brought forward in a tangible form, 
Colonel Wilmot  had no  doubt it would meet with as much attention 
as the  guns of Sir W. Armstrong  and Mr. Fyhitworth. In  regard to 
cost, in  the days  he spoke of, money was not so plentiful as  it was 
now. The  charge for Sir W. Armstrong's gun, in  the first instance 
was, he  thought, gS50, and $400 for personal expenses, of  which 
only one-half was asked  to be paid. I t  was  now stated,  that a larger 
gun could be turned ouf complete for a much smaller sum. In  re- 
ference  to the  material of  which guns should be composed, he knew 
that many  minds were directed to the subject, and he was satistied 
that, before long, a good result would  be obtained. At the same 
time,  he  thought it was a pity, t,hat any conclusion should yet be 
arrived  at,  as  to  thc absolute unfitness of cast  iron for guns. A t  the 
present moment, experiments were being  made inllioolwich Arsenal, 
with a gun which had stood the following discharges ; 10 rounds 
with a cylinder  weighing G8 lbs. ; 10 rounds with a cylinder 
weighing twice 6s lbs. ; 10 rounds with a cylinder  weighing three 
times G8 lbs. ; and so on to four tiunes,  five times, six times, and 
seven times, so that  the weight of the cylinder with the  last 10 
rounds was 476 lbs. ; the  charge of powder being  in all cases 16 lbs. ; 
yet the gun was uninjured. Five rounds had since been fired, 
with the  same  charge of powder, and a cylinder weighing 544 lbs., 
which had  the effect of destroying  the  carriage of the gun. This 
was repaired, and  another round was fired of the same proportions 
of charge  and weight of cylinder, when the  gun burst. 

IIe had been furnished with the results of experiments made 
with a Spanish cast  metal 32-pounder, 8 feet 9 inches long, and 
wreighing 45 cwt. That  gun was fired, first with 21 lbs. of powder, 
2 shots, and 2 wads ; then with 9lbs. of powder, 2 shots, and 3 
wads, at  an elevation of 10". H e  need hardly say, that as 
the elevation was increased, the  strain upon the  gun became 
greater. It was then fired S27 times without injury, with 9 Ibs. of 
powder, 2 shots, and 3 wads ; next with 9 lbs. of powder, 3 shots, 
and 2 wads ; then with 9 lbs. of powder, 4 shots, and 2 wads ; con- 
tinuing with the same charge of powder, and  the same number of 
wads, up to 11 and 12 shots, when the  gun was full to the muzzle. 
Subsequently, it was tried with 12 lbs. of powder and 10 shots ; 
15 lbs. of powder and 9 shots; 18 h a .  of powder and 8 shots; 
21 lbs. of powder and 7 shots ; 24 lbs. of powder and G shots ; 
27 Ibs. of powder and 5 shots, when the  gun was again filled to 
the muzzle, and  then  it burst. I t  thus took, to burst that  gun,  an 
aggregate of 3 tons 13 cwt. of powder, 25 tons 8 cwt. of shot, and 
2 tons 19 cwt. of wads. 

A n  American shell-gun, 9 feet  long, 9 inches in diameter, a l d  

weighing Sl,l cwt., had been fired with the following results :- 
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Number 
of 

Rounds. -- 
1,500 

2 

5 
5 
2 
3 
1 

1 

1 '  

1 
1 

1 
1 

15 
lbs. 

10 
1 shot 
1 shell 

15 1 shot 
15 2 shot 
15 3 shot 
15 4 shell 
20 1 sllell 

2 shot 

20 
20 

7 shot 

20 
8 shot 
9 shot 

20 
Wlen tllc gun burst. 

90 
72 
90 

270 
258 
342 

46s 

G12 
630 
720 
810 
900 

150 

He might also  mention, that a British  32-pounder was  known 
to have fired, at the siege of Sevastopol, three thousand  rounds ; 
and though the vent was  much enlarged,  the bo're was perfectly 
smooth, sound, and serviceable. 

If cast-iron guns could be made to  withstand such a test,  they 
should not be  altogether discarded. H e  did not mean to say, that 
cast iron was t,he proper  material for rifled cannon, but simply, that 
it was a metal which wa? not unworthy of consideration. It might 
be supposed, from the  remarks  he  had made, that he was an 
advocate for cast-metal guns. For economy and simplicity of 
manufacture, a cast metal was preferable to .a wrought one. H e  
certainly saw no reason to despise even cast-iron guns, although 
several guns which he  had  made  had burst, and others very lately, 
which he knew would burst, and  had  put aside as unworthy. It was 
for the purpose of improving the  character of cast iron,-not even- 
tually  excluding steel,-that the Royal Gun Foundry, at Woolwich, 
had been established. It was not proposed to stop  the operations 
of private  firms; but to make experiments,  in  order  to arrive a t  
a certain  method of making guns, so that  the work,  which this 
description of gun  had been known to do, might be relied on. Al- 
though  that establishment was commenced, wit,hout the  means of 
getting information from those who were capable of giving it, but 
had to  be worked out, step by step, he was nevertheless satisfied, 
that it, would have accomplished its purpose successf~dly and satis- 
factorily. He made  this remark, because he considered that esta- 
blishment was not a Government work  only, but a national  under- 
taking,  about which there should be no misunderstanding. All 
were equally interested, in finding out, if it was possible, how to 
make cast-iron gulls possessing all  the qualities which were required, 
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A411usion had been made to  the rifling of the old service guns. The 
use of elongated projectiles increased the  strain upon the guns,  but 
not  to  the enormous extent which had been supposed, because the 
charge of powder was proportionately diminished. It had been 
said, that if the windage was diminished, the  strain upon the  gun 
would be increased. That might be true to a limited  extent. The 
great injury in firing  round-shot guns was from the windage. If 
the  shot was made completely to fit the  gun,  it might be fired 
repeatedly without injury, as  there would then be an absence of the 
bounding motion of the shot, whilst passing through it. H e  
believed, in such cases as those brought forward by Mr. Britten, 
that with shot  weighing from 50 Ibs. to 55 Ibs., and  the windage 
prevented by a soft material like lead, it was not a necessary con- 
sequence, that  the  gun should  burst with the  charge requisite  to 
get a good result. The old service guns might, he thought, be 
easily rifled for  ordinary use, and be then as good as most of the 
foreign rifled guns. 

A statement  had lately been made  relative t,o brass guns. I t  
was  wished to  ascertain, whether brass guns might be used either 
as muzzle-loaders, or  as breech-loaders ; and whether the action of 
the iron projectile would have an injurious effect  upon the brass. 
In  actual trials, no injurious impression seemed to be  made ; indeed, 
as  far  as was a t  present known, a rifled cannon could be cast of 
brass, as well as of any  other material, and with soft metal shot, 
it would last for  a long time. I t  had also  been stated,  that such 
a gun would only &and eight  hundred rounds, and  had  then to  be 
disposed of for one-half its value. This was not  the case. Brass 
guns were re-melted into new ones;  and  this metal possessed the 
advantage of being capable of conversion into  any new form 
required. A brass gun was lately fired more than eleven hundred 
rounds,  with a slightly diminished windage, and was still perfcctly 
fit for service. Time, labour, and influence were required, to  put 
this subject on a proper footing. H e  felt convinced, that whatever 
was done for the service of the country, would be  duly considered, 
with proper regard to the public good. 

Mr. WHITWORTH stated, with respect to  the brass guns spoken 
of, that  they  had been rifled for the Governnlent at the request of 
the  late  Lord  Hardinge, in 1856, and upon exactly the same  prin- 
ciple as he now adopt,ed. They only differed from the  guns fired 
during  the  late experiments,  in  being muzzle-loaders. It was a 
pity that they, and similarly-rifled brass guns,  had not been em- 
ployed, as  they might have been, on actual service, in India  and 
China. By means of the  lubricating wad, all difficulty arising from 
the fouling was obviated, and if those brass rifled guns were 
mounted on proper carriages, .and provided with proper  sights, 
they would, probably, give as good results as any he had  hitherto 
obtained from his  breech-loading guns. 
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Sir WILLIAM ARMSTROXG said, the subject of the present dis- 
cussion was one upon which he  had  hitherto observed almost entire 
silence, and it was only because the public attention had  recently 
been so vigorously roused, in reference to competing systems of 
gunnery,  that  he was induced to deviate from that reserve, which 
it would have been more consistent with his official position to have 
maintained. I t  was, however, a satisfaction to him, that owing to 
existing circumst,ances, the first distinct and  detailed description of' 
his rifled ordnance and projectiles, would be  communicated to  an 
Institution composed of his professional brethren, and comprising 
so many persons with whom he had  long been on terms of inti- 
macy and friendship. 

H e  had brought,  for inspection, a specimen of his  12-pounder 
field gun,  in  the  exact form in which it had been  recently  intro- 
duced into  Her Majesty's service. But before he proceeded to 
give a description of it, he thought it would better conduce to a 
clear  understanding of the  gun, if he first directed his observations 
to  the projectile ; because he  considered, that in all cases, the pro- 
jectile should rule  the gun, and not the  gun  the projectile. The 
projectile had  to do the work, and  it must, evidently, be  the  proper 
course, first to  determine what kind of projectile was required, and 
then to  devise the form of gun most suitable for throwing it. 

It had,  hitherto,  been the practice to take  into  the field, thrce 
kinds of projectiles, viz. :- 

1st. Solid round shot ; 
2nd. Shrapnel shell ; 
3rd. Canister shot. 

The first of these was, as  its name implied, a simple solid sphere 
of cast, iron. The second was a shell, containing leaden bullets, 
with a small bursting charge ; and fitted with a time  fuze,  ignited 
by the flash in  the gun, so as to  explode the shell a short distance 
irl front of the object aimed at. The third consisted of a number 
of small iron balls, enclosed in a thin  canister, and designed fur 
firing upon an enemy, at  very short distances. Both the round 
shot and  the shell were very uncertain in  their action, and could 
scarcely be used with effect, at more than a thousand  yards. But 
apart from the defects of all these projectiles, there was an obvious 
inconvenience in having three varieties to carry, because, after 
exhausting  the kind most suitable for any particular service, it 
became necessary to resort  to a kind not adapted for the purpose. 
Sir W. Armstrong, therefore, conceived the idea of constructing 
a projectile, which might  be used, at  pleasure, as solid shot, as 
shrapnel  shell, or as canister  shot ; and which should also have 
the  advantage of exploding by impact, as well as by the action of 
a time fuze. Specimens of this projectile, both entire, and broken 
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Fig. 28. 

A A. 
B B. c c. 
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open to show the interior, were exhibited. (Fig. 28, page 408.) The 
projectile consisted of a very thin cast-iron shell, the interior of which 
was composed of forty-two segment-shaped pieces of cast iron, built 
up in layers  around a cylindrical cavity in the centre, which con- 
tained  the bursting  charge, and  the concussion arrangement. The 
exterior of the shell was thinly  coated with lead, which  was applied 
b  placing the shell in a mould, and  pouring melted lead around  it. 
'ryhe lead was also allowed to percolate among  the segments, so as 
to fill up  the interstices, the  central cavity  being  kept open by the 
insertion of a steel core. I n  this  state  the projectile was so compact, 
that  it  might  be fired through 6 feet of hard timber, without injury ; 
while its resistance  to a bursting force was so small, that less than one 
ounce of powder was  sufficient to break  it in  pieces. When  this 
projectile was to  be used as a shot, it required no preparation,  but 
the expediency of using it in any case, otherwise than  as a shell, was 
much to  be  doubted. T o  make it available as a shell, the  bursting 
tube, the concussion arrangement,  and  the  time fuze, were all to be 
inserted ; the  bursting  tube  entering first and  the time fuze being 
screwed in at the apex. If then, the time fuze was correctly ad- 
justed,  the shell would burst, when it reached within a few yards 
of the  object; or failing  that, it would burst by the concussion 
arrangement, when it struck the object, or grazed  the  ground  near 
it. Again, if it  was to  act as ' canister,' upon an enemy close to 
the  gun,  the  regulator of the time fuze must be turned  to zero on 
the scale, and  the shell would then burst at the  instant of quitting 
the gun. I n  every case the shell, on bursting, spread  into a cloud 
of pieces, each  having a forward velocity equal to  that of the shell, 
at the  instant of fracture. 

One of these  shells  had been burst  in a closed chamber, where 
the pieces could be collected. It would be seen that  they 
consisted of :- 

106 pieces of cast iron ;-g9 pieces of lead ;-and 12 pieces of 
fuze, &c. ; making  in  all 217 pieces. 

Now it was no uncommon thing for one of these shells to make 
100 holes in a column of targets, at  a distance of 3,000 yards, and as 
a large proportion of the pieces was derived from the lead, it would 
be seen, that  the  lead  added  greatly  to  the efficiency  of the shell. 

The time fuze and  the concussion arrangement demanded care- 
ful  explanation. 

The  body of the time fuze, (Fig. 29, page 409,) was made of a 
mixture of lead  and tin,  cast to  the  required form, in a mould. The  
fuze composition was stamped  into a  channel,  forming nearly  an  entire 
circle round  the body of the fuze, and was afterwards papered and 
varnished on the  external surfaces. As the shell fitted  accurately 
into  the gun, there was no  passage of flame,  by  which the fuze 
could be  ignited. That eIfect was, therefore, produced in  the fol- 
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Fig. 29. 

Time Buae. 
A. The Body of the Fuzc. p F, ?‘he Flame Passnge. . Thc Groove containing tl~c Fuze G c)  The Revolving Cover, or Regulator. 

C The Detonator. 1: Thc Chamber for the Priming I’owdrr. 
D: The Strikcr. 

Composition. 1 H‘ The Igniting Apcrtnrr. 

E E. The IIoldinp; Pin. 
I g K, The Tightening Cap. 
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lowing  manner. A small quantity of detonating composition was 
deposited at the bottom of the cylindrical cavity in the  centre of 
the fuze, and above this was placed a small weight, or striker, 
terminating in a sharp point  presented downwards. This  striker 
was secured in  its place by a pin,  which when the  gun was fired 
was broken, by reason of the vis inertiz of the striker. The 
detonator was then instantly pierced by the point and was thus 
fired. The flame, thus produced, passed into an annular space, 
formed within the revolving cover, which rested on the upper 
surface of the fuze composition, and from this annular space, it was 
directed outwards, through  an opening,  so as to  impinge  on and  to 
ignite  the fuze compositlon, at any required part of the circle. 
The fuze, thus  ignited,  burnt in b0t.h directions, but only took 
effect a t  one  extremity, where it communicated with a small 
magazine of powder in  the Fig. 30. 
centre. The fuze was sur- 
rounded by a scale paper, gra- 
duated  to accord with the ele- 
vation of the  gun, so that when 
the  range of a distant object 
was found by trial, it  was only 
necessary to turn  the  igniting 
aperture of the cover, to the 
point on the fuze scale, corre- 
sponding with the  degrees  and 
minutes of elevation on the 
tangent scale. This fuze had 
the  advantage of being  capable 
of adjustment  and re-adjustment 
any number of times, before en- 
tering  the  gun,  and  the officer in 
command, had the opportunity of 
seeing that  it was correctly set, 
at the moment of being used. 

The concussion fuze, (Fig. 30,) 
was 011 nearly the same prin- 
ciple. A striker with a point, 
presented upwards, was secured 
in a tube by a wire fa$ening, 
which was broken on the  firing 
of the  gun ; the  striker being 
then liberated,  receded through 
a small space, and rested a t  the 

! i !  D i I  

1 

Concussion  Fuze. 
A. The Striker. 

B B. The Holding Wire. 
C. The Detonator. 
D. The Chamber  for the Priming Powder. 

E E. rhe Flame Passages. 

bottom of the.  tube, hut as soon as  the shell  met with any check in 
its motion, the  striker  ran forward and pierced the detonator in 
front, by which means, the  bursting  charge was ignited. 
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It would be seen, that  the projectile, when thus complete, with 
its time fuze attached, was far from being of that form and pro- 
portion which ought to  be  selected, if length of range were the 
only consideration. Comparisons, therefore, ought  not t.0 be drawn 
between a shell thus designed  for effect, and a solid shot  designed 
for range.  Its  range, however, was enormous, in compari- 
son wit,h that of round shot, and as far as could be collected 
from the published reports of Mr. Whitworth’s practice, it was 
not  much short of that obtained  with  his  12-pounder projectile, 
when equal charges were used. It would be absurd, however, 
to contend  t,hat the form of this shell should be modified, at the 
expense of its efficiency, merely  to  obtain a small increase of 
range, when all military authorities  agreed,  that  the rar:ge already 
attained was even more than sufficient for all field operations. 

The  public was always captivated by the attainmcnt of long 
ranges;  but  great delusion prevailed on that subject. T o  hit an 
object upon a measured range where the distance was accurately 
known, was a very different matter from hitting  the same object in 
the open country, where the distance had  to  be discovered. A t  4,000 
yards, a man on horseback, (taking man and horse as one object,) 
subtended an  angle of less than 3 minutes of a degree,  and 3 
minutes of elevation was equivalent  to only 16 yards in range. 
Hence therefore,  assuming  the gun to be absolutely perfect, unless 
the  distance‘ could be determined to such a nicety as 15 yards, a 
shot would either fall  short of, or go over the object. But so far 
from its being possible, by any available means, to determine the 
distance with such precision, an error of even 500  yards might 
easily be made. Moreover, the variation of atmospheric  refrac- 
tion would, at such a distance, generally falsify the elevation, to a 
very embarrassing extent ; whilst the wind blowing with, or against 
the shot introduced a further complication, in itself sufficient to 
baffle all  attempts at refined adjustment of the angle.  Even trial 
shots were unavailing  to  determine elevations for long distances, 
since the intervals between the  graze  and  the object could not be 
appreciated. The fact was, that however perfect the weapons 
might be made, the  fate of a battle would never  be  materially 
influenced by very distant firing. The  real  struggle would al- 
ways lie within a distance of 2,000 yards, and  the first considera- 
tion should be, to make  the weapons as destructive as possible 
within that limit. As to firing solid bolts, at  an elevation of 
3 5 O ,  in  order  that  they  might fall amongst an enemy five miles 
distant, it would be  mere waste of ammunition. Certainly what 
went up, must come down, but according  to the doctrine of pro- 
babilities, and to all experience of what was called ‘vertical fir(’,’ 
the chance of any one being injured by a projectile falling, as  it were, 
from the clouds, was too remote to be worth consider a  t’ ion. 
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The gun was composed wholly of wrought  iron, and  the promi- 
nent  feature in its manufacture was the application of the material 
in the form of long bars, which were coiled into  spiral tubes, 
and  then welded by forging. For the convenience of manufiacture, 
these  tubes were made  in  lengths of from 2 feet to 3 feet, which 
were united together, when necessary, by welded joints. From 
the muzzle to  the trunnions, the  gun was made in one thickness, 
and was, therefore, so far  as  that portion was concerned,  strictly 
analogous to  the  barrel of a fowling-piece. Behind the trunnions 
two additional layers of material were applied. The  external 
layer consisted, like the  inner tube, of spiral coils, but  the  inter- 
mediate  layer was composed of iron  slabs bent  into a cylindrical 
form and welded at the edges. The reason  for  this  distinction 
was, that  the  intermediate  layer  had chiefly to sustain the  thrust 
on the breech, and  it was, therefore,  desirable,  t.hat the fibre of the 
iron should be in the direction of the  length, while elsewhere in 
the  gun,  it was more advantageously  applied  in the transverse direc- 
tion. The back end of the  gun received the breech screw, which 
pressed against a movable plug, or stopper, for closing the bore. 
This screw was hollow, and when the stopper was removed, the 
passage through  the screw might be regarded  as a prolongation of 
the bore. The screw was turned by means of a handle, which 
was free  to move through half a circle, before i t  began  to  turn  the 
screw. I t  had  thus a certain  amount of run, which enabled it  to 
act  as a hammer, both in tightening  and slackening the screw. 
The bore was 3 inches in  diameter, and it was rifled with thirty- 
four small grooves, having the driving side rectangular  and radial, 
and  the opposite side rounded. The bore was widened at  the breech 
end #h of an inch, so that  the shot might  enter freely, and choke 
a t  the commencement of the grooves. 

The sights were peculiar. The eye hole of the  tangent  sight 
was in the form of a cross, which admitted of the vertical and hori- 
zontal adjustment being determined with great accuracy. There 
was a traversing movement at the top, to  give correction for a side 
wind, as well as for the constant deviation to the  right, which affected 
rifled projectiles of nearly all shapes, in a greater,  or less degree. A 
vernier was applied both to the vertical and  the horizontal scale, to 
enable  the elevation and  the correction to  be adjusted to  minutes of 
a degree. This  tangent  sight was designed chiefly  for long distances, 
where great deliberation could be used, in adjusting  the  gun ; but 
for rapid firing, a t  close quarters, a simpler and  readier  sight was 
provided. I n  this  the elevation was given in short steps, each cor- 
responding with 50 yards in range,  and defined by a ratchet action, 
which indicated the successive steps by a very audible click. 

The process of loading was effected by placing  the projectile, 
with the  cartridge  and a greased wad, in the hollow of the breech 
screw, and  thrusting them either separately, or collectively, by a 

11859-60. N.S.] 2 F  
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rammer,  into the bore. The stopper was then dropped into  its 
lace and secured by half a turn of the screw. The gun was fired 

gy the  ordinary friction  tube, the vent being  contained  in the 
stopper. It would be seen, that the whole operation was simple, 
and could be very rapidly performed. 

I n  the  early guns, it was necessary, that  the portion of the  bore 
which  was occupied by the shot, should be perfectly clean,  other- 
wise, the shot would not always enter  its place. A wet sponge had, 
therefore,  to be used ; but in the new guns, now issued for service, 
a slight alteration in  the bore had  enabled a greased wad to  be 
employed with perfect effect, in  substitution of the wet sponge. The 
gun could now be fired with great  rapidity,  and  apparently, for any 
length of time,  without  being  sponged at all. 

The reason for making  the vent in  the stopper was, that since 
the chief wear of a gun always took place at  the vent, it  was better 
to make it  in a part which could be easily replaced, than  in  the 
body of the  gun itself. 

The breech screw, being internal, was never exposed to  injury, 
nor could drifting sand, or dust, ever reach the oiled surfaces, so as 
to impede the action of the screw, by adhering to the lubric  a t’ lon. 

The screw was  of small diameter,  and  the few inches of extra 
length  in  the gun, required for its reception, could not  be of any 
importance,  considering that any further reduction of weight was 
prohibited by recoil. 

The  stopper had been  secured from falling by a chain, but  in 
practice, it was preferred to leave it loose. The man who fired 
the  gun, lifted the stopper after each round, and in so doing, only 
occupied time that would otherwise be vacant. A duplicate  stopper 
accompanied each gun. 

The form of carriage, which was originally used, was represented 
by the model  exhibited. It was fitted with a recoil slide, which 
was afterwards  abandoned for field guns;  but  it was now decided 
that  the principle  should  be retained in the ship guns. It was a 
point of great importance, that a breech-loading gun should be 
self-acting, in recovering its position after recoil, so as to obviate 
the employment of so many men to run  out  the  gun. A traversing 
movement had been  originally  applied  to the field carriages, as 
shown in  the model, and was found to afford great facility in  laying 
the gun. A very neat modification of this  traversing movement 
had recently been contrived in  the  Royal  Carriage  Department, 
and  adopted for the field carriages. 

Referring  to heavy artillery, it  was necessary to commence, 
as before, by considering  what effects were required  to  be pro- 
duced,  and wllat species of projectile would best answer the pur- 
pose. For destroying ships, stone and brick forts, earthworke, and 
buildings, as well as for operating against hostile troops, it must 
be  admitted, that the shell was the most effective proJectile. I n  
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fact, with the exception of iron-plated 
ships and  granite batteries, there was 
nothing  that could  not  be more effec- 
tually attacked by shell, than  by shot. 
This must be cvident, when it was 
considered, .that a shell, arranged to 
act concussively, always penetrated 
before it burst. It, therefore?  produced 
the effect of a shot, before It acted  as 
a shell, and  its explosive effect was 
superadded to that of a  shot. More- 
over, for high angle firing, the shell 
was the only projectile to be conai- 
dered. But  the power of a shell 

g depended upon the  magnitude of its 
bursting  charge,  and a large burst- 

3 ing  charge involved a large diameter. 
0, - I t  was in  vain to say, that increase of 

length would compensate for small- 
a ness of diameter. If a shell  for a 

small bore, could  be  lengthened, so 
could a shell for a large bore. Length 

3 for length, or weight  for weight, the 
:: large  diameter must, necessarily, ac- 
.$ commodate a larger  bursting  charge, 
2 than  the small  diameter. In  the con- 

2 TV. Armstrong, in contrast with Mr. 
4 Whitworth, inclined to  the  larger 
? diameters, although by so doing, he 
$' might sacrifice somewhat in  range. 
, Here it was necessary to say a few 

words respecting the conditions, upon 
which the  attainment of long  range 
chiefly depended.  Everybody would 
understand, that a long  taper projec- 
tile would cleave the air more freely, 
than one of short obtuse proportions ; 
but  there was another condition, not 
generally  recognised, which had also 
a most important influence ; viz., the 
sustaining effect of the air, conse- 
quent upon the obliquity of the shot 
to  the  path of its flight. It would be 
seen bv reference to  the  diagram. 

* 

4 

F-r struction,  therefore, of heavy guns, Sir 

(Fig. 31,) that since the axis of the p;ojectile in  its flight remiined 
2 F 2  
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parallel with its  original direction, it constantly  acquired an in- 
creasing obliquity to  the  direction of its flight. Hence,  therefore, 
the  air  acting on t.he inclined surface presented by the  under  side of 
the projectile, pressed it upwards  like a kite, and although the shot 
was not actually lifted, its descent was retarded,  and  it had, there- 
fore,  time  to  reach  to a greater distance, than it would otherwise 
attain. It would be observed, that  this  sustaining action was 
chiefly operative at low angles. A t  high angles  the shot would, 
eventually, become transverse  to the curve, and  the  lifting action 
would then cease. Sir W. Armstrong  had  long since pointed  out, 
though  he never did so without meeting with incredulity, that owing 
to this buoyant influence, a lengthened projectile from a rifled gun, 
actually attained at IOW angles, a greater  range in a resisting  atmo- 
sphere,  than  it would ‘in vacuo.’ This he knew to  be  the case, 
with some of his own pro-jectiles, and  he  had no  doubt, that  any one 
who  would invest.igate the  matter, would  find t,hat the same effect 
was produced with Mr. Whitworth‘s projectile also. It was very 
generally supposed, that  the  axis of the projectile did not thus 
preserve its parallelism, but that  it continued to move throughout, 
its course, with its point in  the direction of the curve. It was im- 
possible, however, to reconcile the observed phenomena of the 
case, with such a supposition, nor was it possible to conceive, that 
any sympathy could exist between the direction of the axis, and 
the curve of the flight. Experiments  had been quoted, of rifled 
projectiles having been fired with such small  charges, as to allow 
of the projectile being  distinctly seen in its course through  the 
air,  and it was said to have been clearly perceived, in such cases, 
that  the  axis followed the curve ; but in  all Sir W. Armstrong’s 
own experiments, the indications attending  the  graze marks, and 
the form of the holes made in distant  targets, led to a contrary 
conclusion. In  fact, it  was easy to  understand, that  the eye might 
be deceived, by the impression left on the  retina, by an object 
thus rapidly moving, and producing the illusion of a sort of tail 
following the direction of the curve. 

The slight difference in range, between a small bolt and a large 
one, was another circumstance, which could only be  explained 
upon the assumption of the  axis being diagonal  to  the curvc. 
Although  the  longer time of flight, in the case of the smaller 
projectile, indicated a much less sustained velocity, yet the  distance 
reached was almost identical. This could only be  accounted for, 
by the  larger proportion of surface in  the smaller bolt,  and  the 
greater floatation, (as it  might be called,) due to that surface. But 
that species of floatation implied obIiquity, and could not have any 
existence without it. 

The constant  deviation to  the  right, was also in accordance with 
what had been stated.  Owing  to  the obliquity of the shot, the 
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air would operate with more effect, in  its upward pressure, upon 
the  tapered front, than upon the back, and  any tendency to  raise 
one extremity of the  axis of a rotating body, resulted  in a lateral 
deflection, as was exhibited in the gyroscope. This cause of the 
deviation had  already been  pointed out by Dr. Magnus, a Con- 
tinental writer, whose conclusions were now generally  concurred in. 

Now  in  applying this reasoning to the question of diameter 
of bore, it  would be seen, that  although a solid cylinder of small 
diameter,  had a decided advantage,  as  regarded penetration of the 
air, over a hollow cylinder of large  diameter,  yet  the hollow 
cylinder had  the  advantage in floatation, and  the consequence 
was, that  the difference in range was not  nearly so considerable 
as might, otherwise, be supposed. 

After a full and careful  consideration of all the bearings of the 
case, Sir W. Armstrong  had come to  the conclusion, that a bore 
of 7 inches was about  the most generally  advantageous, for a 
100-pounder gun, not only in reference to the shell, but also as 
regarded  the solid projectile ; because shot of large diameter, 
by making a larger hole and producing more splinters and  greater 
displacement, was, in general, more efficacious, than a long narrow 
bolt. A specimen of the cast-iron shell designed  for the 100-pounder 
gun was exhibited. I t  was cast very thick, in  order  that  it  might 
bear violent impact, without premature  fracture, for when a shell 
broke on striking,  the force of the explosion was almost entirely 
lost. In  its present form it contained  upwards of 8 lbs. of powder, 
but if it was cast thinner  and longer, the  charge could be increased 
to  12 lbs. The fuze which  was used with this shell, was one on the 
concussion principle, but  it differed materially from that which had 
been already described. From what had been stated, it would be 
inferred, that a cylindrical shell, fired at a high  angle, would fall 
upon its side, and  the fuse must, therefore, be  arranged to take 
effect, whether the blow was upon the point, or on the side. 

It was, also, proposed to use for the  100-pounder  gun, a built-up 
shell,  similar to that  already explained, in connection with the 
field gun,  and tGs shell, when used against ships so as to  burst 
concussively the  instant  it had passed through  the side, would, 
probably, be the most formidable projectile ever  used  in  naval 
warfare. 

Although a bore of 7 inches had been adopted for the 100- 
pounder gun, it might be desirable, for special purposes, when 
extreme  penetrating power was  required, to employ a gun of 
smaller bore. It was manifest, for example, that a shot of 
100 lbs. in weight, which delivered its blow upon an  area of 20 
superficial inches, would exert a greater punching effect, than one 
that operated upon double that  area. A small bore was, there- 
fore, obviously the  right  thing for piercing  thick iron plates, pro- 
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vided shot of steel, or homogeneous iron were used, but  it remained 
to be seen, whether the expense of such projectiles would not 
almost prohibit their use. Mr. Whitworth  had fallen into an 
involuntary error, by stating  that a shot from one of his guns was 
the only one that  had ever  pierced a wrought-iron plate 4 inches 
thick ; but even if such were the case he would not be justified  in 
the inference he had drawn, in  the absence of experiments with 
rival guns of equal weight and bore. 

Sir W. Armstrong  trusted  he  had said enough to explain the 
views  by  which he had been guided, in the construction of his rifled 
ordnance, and to show  how fallacious it was, to judge of a cannon, 
without reference to  the destructive character of the projectile it 
was adapted  to throw. H e  did  all honour to Mr. Whitworth, for 
the energy, perseverance, and skill, which he had displayed in  this 
matter,  but he denied that his results had proved the superiority 
of his system. There was, in fact,  much less difference between 
the two systems than was commonly supposed. Both Mr. Whit- 
worth and Sir W. Armstrong  adopted  loading at the breech, and 
both used a fitting shot. Mr. Whitworth closed the breech of his 
gun by an  external screw,  while Sir W. Armstrong used an  internal 
screw for the  same purpose. The former swung  back the  entire 
breech on a hinge, while the  latter withdrew a stopper. Then as 
regarded construction, Sir W .  Armstrong's  original  gun,  made more 
than five years  ago,  and which was still  in existence, consisted of an 
internal  tube of steel, jacketed with wrought-iron coils. Mr. Whit- 
worth's 80-pounder gun, now brought forward, was undergtood to 
consist of a tube of homogeneous iron, (differing from steel more 
in name than  in reality,)  jacketed  in the same  manner with wrought- 
iron coils. Mr. Whitworth would correct this  statement if it was 
erroneous. The greatest difference between the two guns was 
in the rifling ; but whatever might  be  the practical conslderations 
affecting the two methods,  theoretically speaking,. so long as the 
requisite  rotation was given to preserve the  stabdity of the pro- 
jectile, it  was a matter of indifference what form of rifling was 
employed. Sir W. Armstrong conceded nothing  to Mr. Whit- 
worth even in  regard to  range. If the question at issue  was one 
of range,  let it be so understood, and  let each party  make a gun 
and projectile for the  attainment of that object ; but  the  real 
question was, or ought  to be, which system would inflict the 
greatest  amount of injury upon an enemy, and upon this ground 
Sir \V. Armstrong was ready to meet Mr. Whitworth in friendly 
contest. If it  should be  replied, that Mr. Whitworth  did  not con- 
tend with Sir W. Armstrong in regard t o  projectiles and fuzes, 
then  he would say, Mr. Whitworth was at liberty to  adapt to his 
guns, if he pleased, the shells and fuzes then exhibited.  IVhen 
t,hat  had been done, let them  meet at  Shoeburyness, and fight the 
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matter  out  in a quiet business-like way. The  targets  there would 
represent enemies, both a t  long  and  short distances, and  they could 
have earthworks, and masonry, iron plates, and timber-framing, 
to  operate  against. I t  would then be seen which system was best 
adapted for the defence of the  country;  and whatever the public 
might be induced to believe, Sir W. Armstrong trust,ed that,  in  the 
mean  time, the  Institution of Civil Engineers would withhold its 
judgment, until such a trial had been made. 

I n  answer to questions from various Members, put  through  the 
President :- 

Sir W. Armstrong  stated,  that t,he weight of the  12-pounder 
gun was 8 cwt., and  the pitch of the rifling was one turn  in 
thirty-eight diameters. The ordinary charge of powder was 
one-eighth the weight of the projectile, or 19 Ib.  of powder for 
the projectile now used in  that gun. The chamber was made a 
little  larger  than was sufficient for that  charge;  in fact, it was 
of a capacity to  admit of the  largest charge, compatible with the 
permissible recoil of the gun. No inconvenience had been expe- 
rienced from having a little vacancy in the powder chamber. 

The index of the short-range sight was graduated for distances 
of 50 yards, by actual  trials of the  range at two, or three points, and 
interpolating the other divi,' rlons. 

The  initial velocity of the shot was about 1,100 feet per 
second. 

The weight of the 100-pounder gun would be about 70 cwt. 
The outer  layers  and  rings of metal were not  put on with any 

calculated degree of tension ; they were simply applied wit,h a 
sufficient difference of diameter to secure effective shrinkage. 

The grounds for concluding that  the  range,  through a resisting 
atmosphere, was greater  than  'in vacuo,' were, that at a low eleva- 
tion  the actual range exceeded the parabolic  range. 

The ship guns, now in  progress of construction, were on the same 
principle as the 12-pounder exhibited. 

The longest  range,  hitherto obtained, was upwards of 9,000 
yards, with a 32-lbs shot and a charge of nearly 6 lbs. of powder, 
from a gun, 4 inches  in bore. In  cases of extreme  range,  the 
state of the wind was an  important consideration. The time of 
flight of that shot was not  ascertained, as the  graze was too distant 
from the  gun to  be seen. That distance  must not be looked upon 
as  the maximum range att.ainable with guns of this construction. 

The  bore was not of uniform diameter  throughout  the gun. 
There was a slight contraction  immediately in  front of that part, 
where the shot was lodged,  the object of which  was to mould the 
lcad covering into  the grooves to a sufficient depth, at the first 
instant, of motion, to give the shot freedom  in  passing through  the 
remainder of'the bore. 
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The lead  covering had not been observed to be stripped from the 
shot, by using very heavy charges of powder. 

With  trained men the 12-pounder gun could be fired three times 
in ninety-five seconds, with such accuracy as  to  strike a target 
each time, a t  a distance of 1,200 yards. Without  taking aim, the 
rapidity of firing would, of course, be considerably greater. 

A pressure of several  tons was required, to force the shot 
through  the contracted part of the  bore ; but  after  it  had passed 
that  part  it was free. It was a mistake to suppose, that  any loss of 
velocity was occasioned by that resistance ; because the more 
the shot. was held back, the more the pressure accumulated  behind 
it. T o  obt.ain the maximum effect, from the  charge,  the  shot 
would require  to  be  held back, until the combustion of the powder 
was perfected. The  resistance had been  varied, by increasing 
and diminishing the thickness of the  lead coating upon the pro- 
jectile, and it was found that  the  range was rather increased by 
augmenting  the resistance. No difference in the recoil conlcl 
result from the increased resistance. The recoil was due, simply 
and solely, to the weight and velocity of the shot from the gun. 
Nothing aiTecting the shot, whilst in  the bore, could increase the 
recoil, unless it  augmented  the velocity. I t  was merely a question 
of action and reaction : and the quantity of momentum, generated 
in  the shot, must have its  exact equivalent in  the recoil of the gun. 

As  far  as experience at present  demonstrated, a length equal 
to about twenty-five diameters of the bore, appeared to be the 
best proportion ; that  length might,  under  certain circumstances, 
be somewhat reduced, without much sacrifice of velocity. Whether 
that rule  held  good  for all diameters,  remained yet, to be proved. 

No inconvenience had, hitherto,  been observed from heating. 
About a year ago, when the wet sponge:was used, one hundred 
rounds were fired in succession from an 18-pounder gun ; begin- 
ning  at  the  rate of one round in two minutes, and gradually ac- 
celerating to  one  round  in  forty seconds. A t  the  end of the 
experiment the  gun was 1fot objectionably heated. There would 
not appear  to be any reasons for a difference in the  heating of 
these guns, and of those of ordinary construction. The smaller 
charges would compensate for the  diminished quantity of material 
in  the gun. 

I n  a recent  trial, at Shoeburyness, a plate of wrought iron 4& 
inches thick, 6 feet long  and 3 feet wide, had been  entirely  broken 
up and destroyed, by eight  shots of 80 lbs. weight, fired from one of 
Sir W. Armstrong's  guns,  having a bore, 6 inches in diameter ; the 
weight of that  gun was 63 cwt., and  the  charge of powder was 
10 lbs. Six of these projectiles were of cast iron, and  the other two 
were of puddlcd steel. Only two of them  actually pierced the plate, 
and none of t.hem penetrated both the  plate and the timber back- 

Downloaded by [] on [12/09/16]. Copyright © ICE Publishing, all rights reserved.



CONSTRUCTION OF ARTILLERY. 42 l. 

ing. On a former occasion, on  firing against wrought-iron plates 
4 inches thick, upon a floating battery, two of the shot  traversed 
both the  plate  and  the timber, in addition  to which, one of them 
cut through some strong ironwork within the ship, and drove two 
pieces of the iron plate across the deck, lodging them in  the timber 
on the opposit,e side. That was done at a very short  range, less 
than 400 yards, and with flat-ended shot, such as Mr. Whit- 
worth had previously used. With rifled projectiles of heavy 
weight, the velocity was so well maintained, that  there  appeared 
to be no sensible difference in penetrating power, between 50 yards 
and 500 yards. Still Sir W. Armstrong would admit, that up to  
the present time, no  gun of his  construction satisfied the  conditions 
requisite fur thoroughly and com letely  punching through thick 
wrought-iron plates. There was, R owever, no doubt  that it could 
be done with a special gun. I t  was only a question of bore, and 
of a hard material, such as steel, or homo eneous  iron  for the shot. 
But  the expense of such materials wou T d almost  prohibit  their 
ordinary use. 

Sir \V. Armstrong concluded by describing the principle of the 
Nyctoscope, an ingenious instrument  designed by him for enabling 
the gunners  to  maintain a fire upon any given object after  night- 
fall. The principle of the  instrument was to render a  false object 
in the rear, or a t  one side, visible upon a vertical line  in a mirror, 
when the  gun was laid upon the  true object. A lamp attached at 
night t.o the false object, became visible upon the  same  mark in 
the mirror, when the  gun was in  line with the  true object. The 
vertical adjustment for elevation was effected by a spirit-level 
clinometer,  forming part of the instrument. 

Captain NOBLE, R.A., corroborated the statements of Sir W. 
Armstrong. The computed initial velocity of the projectile was 
1,080 feet per second, with a charge of powder one-eighth of the 
weight of the shot. With a 32-lbs. shot and a charge of powder 
of 52 lbs., at an elevation of 35", the  range from a gun with a 
bore of 4 inches, was 9,175 yards. 

Mr. BrDDER,-President,-suggested experiments  for  accurately 
ascertaining  the velocity of flight of the  shot;  the electric tele- 
graph afforded means for making them. 

Mr. J. LOCKE, M.P., (Past-President,)  thought  the  Meeting 
would lose a great  advantage, if they did not ask Mr. Whitworth to 
repeat some of the explanations as to the experiments he  had made, 
in order  to contrast the results with those which had  just been stated 
by Sir  William Armstrong. Mr.  Whitworth  had given a very in- 
teresting.  account of his  experiments ; but  there were still  others of 
not  inferior interest which had  not been given, and he thought  the 
present would  be a fitting opportunity for hearing them. There 
were many apparent points of diEcrence between the two guns, 
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which required  explanation. Those differences seemed to consist, 
chiefly, in  the mode of constructing the guns, in  the system of 
rifling, in  the form and dimensions of the chamber, as compared 
with those of the  gun itself, and also in the different modes of 
closing the breech. All these were matters of importance and 
value, and being himself a non-professional man, in  the  art of war, 
he should like  to  hear those matters explained by the two gentle- 
men who had invented the systems. There was supposed to  be a 
certain  amount of friction  in the passage of a projectile sheathed 
with a leaden coating, through  the rifle grooves ; and these latter 
were also understood to be liable  to be, if not stopped up, at 
least,  to become foul. All these  points had occupied attention. 
Mr. Whitworth had  stated,  that  there was no fouling in his gun, 
because with two metal surfaces working against each other, and 
a lubricating wad, no such effect could be produced. These were 
extremely interesting questions, and he thought  this was a suitable 
occasion €or Mr. Whitworth  to give some explanation of the 
points to which he had alluded. 

Mr. WHITWORTH said,  he was rea.dy to answer any questions 
that  might  be  put  to him, but as he  had  already  explained the 
principle of his gun,  he  submitted  that  it would scarcely be  in 
good taste  to  interfere with the explanations which had been given 
by Sir W. Armstrong, or to  interrupt  the lucid replies which he 
had made  to the questions that  had been asked. Still if it  was desired, 
he would extend his remarks, describing his  own gun,  and pointing 
out  the difference between it  and Sir \V. Armstrong’s gun. With 
reference  to a trial of their respective guns at Shoeburyness, he 
should be most happy to meet Sir W. Armstrong  there,  and should 
ouly stipulate, that some mcmbers of the Civil Engineering pro- 
fession should be present at the trial, which he hoped would result, 
in  securing  for  the  country the best and most effective gun  that 
could be  manufactured. 

Colonel EAIZULEY WTLMOT,  RA., said, he  might  perhaps  be 
allowed, as  an  Artillery Officer, to  express his acknowledgments to 
Sir U T .  Armstrong, for the able and lucid explanations just given 
of the new breech-loading gun. He was sure  his  brother officers 
could not be otherwise than highly  gratified with those explana- 
tions. Upon one  point especially, Sir TV. Armstrong  had done 
good service, by urging so strongly, that, provided a good form 
of rifled projectile was used, the  particular form of the grooves in 
the  gun was immaterial, as  regarded  any  marked difference in the 
accuracy of the weapons, with shot of the same material. It ap- 
peared now, t,llat the  great points to be attended to were, simplicity 
of luanufacture and cheapncss ; because the  day would come, when 
cost would  form a more important element than it appearcc1 to 
do at  present. 
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Sir WILLIAM ARMSTRONG mentioned, that  the cost of the 
12-pounder gun now exhibited, complete in all respects, was less 
than  that of the old  9-pounder  brass gun. 

Colonel WILMOT explained, that whilst the cost of labour upon 
a 9-pounder, or 12-pounder  brass gun was almost nominal, it 
must be remembered that,  after  it was unserviceable, or obsolete, 
it was almost as valuable to sell, as old  metal, as it was before. 

Sir WILLIAM ARMSTRONG trusted  that his guns would be almost 
everlasting. 

Colonel ‘rULLOH, R.A.,  called attention to the  important advan- 
tage possessed  by the  Armstrong  gun, in having a muzzle of so 
small  a  diameter, as to allow of the  port holes of vessels being much 
reduced in size, probably to one-half what they were at present. 

Mr. WHITWORTH, in compliance with the  request of the  Presi- 
dent  and many of the Members,  exhibited one of his  12-pounder 
breech-loading  guns, and specimens of the different projectiles, 
solid and hollow, which he used with his rifled guns of different 
calibres. H e  observed, in reference to his system of projectiles, 
that it had been  said, he obtained long  range by excessively 
reducing  the  diameter of the shot. T o  show that this was incor- 
rect, he exhibited one of his 12-pounder shot which had been 
fired. The miuor diameter of this shot, measured across the flats, 
was  &h less than 3 inches, while its major diameter,  measured 
across the angles, was &hs greater  than 3 inches. This was 
larger  than Sir William Armstrong’s 12-pounder shot, the diameter 
of which  was only 3 inches. It was, therefore, incorrect  to state 
that he sacrificed capacity  to  obtain range,  and  that his gun was 
more suited  for shot, than for shell. The contrary of this was the 
case. His 12-pounder shell was 12 inches long, and  the diameter, 
as before stated, was 3 F,ths inches. Now it was obvious, comparing 
the solid and  the hollow projectiles, that  the increased length of 
the hollow projectile  must add to its capacity and effectiveness. 
The shell might be  built up inside, on the  segmental plan, or 
shrapnel  might be used ; but he should prefer a simple 1~0110~ 
shcll, such as he exhibited, as the minor diameter being slightly 
smaller than  the major, it would, necessarily, split up along 
the centare of the flats, as they were the weakest parts. When 
the shell was fired, it  was broken  into the desired number 
of fragments,  according to the grooves inside, and the size of the 
fragments  .might  be  regulated, so as to  make them very effective 
Projectiles. The number of fragments  into which a shell was 
broken up, was not a correct  test of its destructive power, as very 
many of the pieces might be too small to be eflective. With 
regard  to  the ignition of this shell, the percussion system and 
a. moveable striker could be employed, on the plan described in 
the specification of Mr.  Tucker, in 1829, afterwards  adopted by 
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Mr. Lancaster, and subsequently  patented, with improvements, by 
Sir W. Amstrong. Mr. Whitworth could use the more simple 
and certain  time fuze, which  was placed in front of the  shell, and 
was ignited by the flame of the powder charge.  By removing a 
portion of the outside of the shell on tEo opposite edges, the flame 
passed by the projectile, and readily  ignited  the time fuze in 
front. This shell was, therefore, very simple, and  its cost did not 
much exceed that of the solid shot. 

Before proceeding with further remarks,  induced hy the  Pre- 
sident's  request that  he should exhibit one of his large  guns, Mr. 
Whitworth requested the  Members to excuse any repetition of the 
observations he  had previously made. 

Mr. Whit.worth then explained, that he had used a tubular 
shot for penetrating wood and elastic  materials, by  which a core, 
or cylinder of  wood, nearly 2 feet long, and l& inch in  diameter, 
had been cut  out of' a solid oak block, through which the  tubular 
projectile was fired. The tubular was also the best form fcr 
penetrating masonry. The flat-fronted shot, which he showed, was 
like those that were fired through 30 feet of water and 8 inches of 
oak, at Portsmouth, from a brass howitzer rifled  by  him in 185ti. 
H e  employed the same form, with malleable, or homogeneous iron 
shot,  for  piercing thick iron plates. H e  might mention, that having 
been the first to use the flat-fronted shot, he, for self-protection,  in- 
cluded it under a patent,  but  had placed it, with other improve- 
ments, at the disposal of the Government. Sir W. Armstrong 
had told the  Meeting  that  he had now adopted  this form of' shot, 
for a similar purpose. 

Another form of shot was the spherical, rifled hexagonally. I t  
was thought, that spherical  shot would  be best for ricochet;  but 
Mr. Whitworth's  experiments showed, that. the improved elongated 
form of shot., he now used, was superior  in that respect. These 
different projectiles, both of shot and shell, though of various lengths, 
could all be fired from the same gun, as occasion required. 

Mr. Whitworth then described some projectiles, which were 
merely intended as ex  erimental shot. The first was a shell, 
ten diameters in  lengt R , which was fired from a 24-pounder 
howitzer, rifled by him in 1856. The diameter of the howitzer 
was 4 inches, and  the twist was one turn in 40 inches. The spheri- 
cal  shot and this  experimental shell, were instances of two extremes, 
with regard to length;  the one being one calibre, the other ten 
calibres loug. Both could  be fired from the same gun,  as it had 
no chamber. The best  practical length of shot was between the 
two extremes. By  actual  trial of various proportions, he had ascer- 
tained which length Kave the  greatest momentum, and  that he 
adopted,  not because I t  gave  the  greatest range, but because it. 
produced the best general effect. 
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The metallic cartridge, which he showed, was made of tin plate, 
and  had H rifled shape to tit the bore. When it was inserted  in the 
gun,  it formed a lining within which the  charge was fired. The 
powder, therefore,  instead of acting  against  the sides of the gun, 
acted  against  the inside of the  cartridge.  This saved the  gun ; and 
moreover, when the  cartridge was withdrawn after  the discharge, 
it  brought away with it the fouling deposit. A small hole was 
made  in  the  rear of the  cartridge case, through which the fire 
from the friction fuze was  flashed to the powder. The case was 
filled with powder to within about 8 an inch of the open 
end. I t  was then closed by a wad, of lubricating material, 
which, when the  charge was fired, was distributed over the 
interior of the gun. This obviated the necessity of sponging 
out, which had always been a great inconvenience in  working 
guns. H e  believed this plan of obviating the necessity of 
sponging, by the use of the wad of lubricating material, had  not 
been used,.previously to his adopting it. 

Mr. Whltworth proceeded to show the mode of working the gun. 
The gun was loaded by unscrewing the breech cap, and inserting 
first the shot, and  then  the metallic cartridge, containing the 
powder and lubricating wad. The breech cap 'was then screwed 
on the  gun, by a few turns of a- handle. Supposing  the gun to 
have been discharged, the  cartridge case was withdrawn, by a 
small and ingenious instrument, bringing with it the fouling resi- 
duum. Besides the convenience and cleanliness of this plan, it, as 
hefore stated, preserved the  gun from the action of the powder. 
Those who had witnessed the operation of loadin8 could form their 
own opinion, as  to  the conditions under which a simple, hard  metal 
shot was propelled through  the six-sided bore, when well luhri- 
cated,  and could compare them with those, under which a lead- 
coated projectile was driven through  the fluted bore, and  had to 
cut  its way through  the thirty-four grooves. It had been stated, 
that  there was not much difference between the  Whitworth hexa- 
gonal  gun  and  the  Armstrong fluted gun. In  that  statement 
Mr. Whitworth did not agree ; and in order  to enable the Mem- 
bers to judge for themselves, he would point out some of the dif- 
ferences  between the two systems. As to material. The hexagonal 
gun was made out of a single  ingot of homogeneous iron, forged 
under t,he ordinary  tilt hammer. This  material partook of the 
toughness of copper and  the hardness of steel. The  Armstrong 
fluted gun was a compound piece of forging, made by welding up 
separate  bars of iron, requiring special furnaces of very great 
length,  and special forging machinery. The iron was fibrous, 
and comparatively soft, and could not  be  expected to  last as long 
as the  tougher  and  harder homogeneous iron. Of the admirable 
workmanship of the  Armstrong gun, which had been made at  
Woolwich, there could be  but one opinion ; and the  greatest 
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credit was due to Mr. Anderson, for the skill with which he 
had,  in so short a time, organised a11 establishment  capable 
of turning out.  such work. I n  weight, the  guns were equal. 
In bore, the major diameter of the  hcxagonal  gun was 3i&, 
inches, that of the fluted gun was 3,1, inches, the rifle twist 
being  one in 60 inc,hes in the former, and one  in 114 inches in 
the lat,ter. Consequently, twice as much rotation was given to 
the  Whitworth projectile, which the results of repeated experi- 
ments  had shown to  be highly desirable. As to form of bore, 
the  Whitworth was a six-sided spiral, while the  Armstrong was 
a spiral with thirty-four fluted grooves. The hexagonal  gun was 
rifled uniformly throughout its entire  length, and required no 
chamber. The fluted bore was  not rifled uniformly, having n 
contracted part  near  the chamber ; and  the chamber itself being of 
a fixed length, limited the  length of the projectile and  the  charge 
of powder that could be used. In  the  Whitworth  gun,  the breech 
was closed by a cap, working in a hinged hoop, and fitting on the 
end of the  gun, with an  external screw. In  the  Armstrong gun, 
a slotted recess received the moveable breech-piece, and  behind  that, 
a considerable length of the  gun was taken  up by an internal screw. 

As to  the projectiles, the  Whitworth  hexagonal  gun fired both 
shot and shell, of various lengths  and forms, to  suit special pur- 
poses. The shells were of great. capacity, and might  be  ignited, 
either by the simple time fuze, like  the ordinary shell, or by em- 
ploying the percussion system. From  the Armstrong  chambered 
fluted gun, shot, or shell, of a fixed length only, could be fired; 
and  as  the  lead was forcibly driven  through the grooves, there was 
no windage, and  the flame could not pass by to the front. Hence 
the percussion system of strikers was required. It was a mistake 
to suppose, that  any serious loss arose, from allowing a small 
amount of windage. Mr. Whitworth  had fired, from the same 
gun, an iron  shot, rifled on his  plan, (in which a small  amount of 
windage was purposely allowed,) and  leaden shot of the  same 
shape and size. The  leaden  shot was, necessarily, expanded by 
the explosion, until it filled the bore, and was propelled without 
there  being  any windage at  all. But,  although  its specific gravity 
was greater  than  that of the iron shot, and it had no windage, 
its  range was not  nearly so good as that of the iron shot. Agam, 
in the  hexagonal  gun,  the resistance offered to the projectile a t  
starting,. was only that  due  to its ‘vis inertiz  and  the only 
retardation,  being  that caused by  the rifling, imparted  an in- 
creased efficiency to  the projectile. I n  the fluted gun, it  appeared, 
that a pressure of several  tons was required  to start  the shot ; 
it had, moreover, been said,  that  this  did not cause any loss in 
range, it being, on the contrary, supposed to be  advantageous, 
to retain  the shot and  to give t,he gases of explosion a longer 
time to  act.  If  that were the case, i t  would seem preferable  to 
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retard  the shot, by giving  it increased rotation, and therefore  in- 
creased power, rather  than to  expend a pressure of several tons,  in 
forcibly rifling the shot. This  brought under consideration another 
important difference between the two systems. The mechanically 
fitting  hexagonal projectile was rifled by machinery in the work- 
shop ; whereas the lead-coated projectile, used with the fluted gun, 
was rifled by the explosion in  the  gun itself. On the economy and 
advantage of the former plan, it was not necessary to dwell. In  the 
hexagonal  gun a metallic cartridge was employed, which, both in 
practical use, and for carriage  and  storage,  had many advantages 
over the old flannel bag, which was still retained with the fluted gun. 

As to practical  results, Mr. Whitworth  did  not now propose to 
carry  out  the comparison. But something ought to  be said as to 
range, which he was surprised to hear  undervalued. Without  attach- 
ing too great importance  to  mere range,  it must be  admitted to be 
a very good  measure of what the gun could do. If at an elevation 
of 7O, the  range of the fluted gun was 2,495 yards, and  the  range 
of the  hexagonal  gun was 3,107 yards, the trajectory of the  latter 
was flatter, and the errors  in  judging distance were of less importance, 
as  duringa  greater portion of its flight, the hexagonal projectile was 
nearer  the ground. This perhaps would appear more plainly, by com- 
paring  the  range of the fluted 12-pounder gun at go, which was stated, 
on good authority, to  be 3,000 yards  and upwards, with the  range 
of the hexagona1 12-pounder a t  7", which  was 3,100 yards  and up- 
wards ; now considering the  ranges  as  about equal at  these dif- 
ferent elevations, the  advantage of firing the hexagonal gun at 7O, 
as compared with another  gun, which, to attain a like range,  required 
to be  elevated to g",  was obvious. The  gun which had  the  longer 
range  and  the flatter trajectory was more likely to  hit a distant 
object, than  another  gun which had one-fifth less range, for the 
same elevation. 

I n  constructing the rifled cannon, Mr. Whitworth  had only 
applied  the same principles which were found  to be successful 
in the rifled musket. The results of the late experiments at  South- 
port,  on the  Lancashire coast, though  many of them were made 
without any previous trial, were such a~ he was justified  in  expect- 
ing, knowing how certain and simple were the principles on which 
reliance was placed. In gunnery, as well as in other things, 
especially those depending  on mechanical principles, to simplify 
was to improve. The special object he  had  in view, in  carrying 
out  the system he had endeavoured to explain, was to reduce the 
principles, on which it was based, to their simplest elements. 

Mr. Whitworth  stated,  in reply to a question  from the  Pre- 
sident,  that the charge of powder for the 12-pounder gun was 12 lb. 

Sir WILLIAM ARMSTRONG said, the comparison as to ranges, 
which had just been brought forward, was with l s l b .  of powder in 
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the  Whitworth  gun,  against 14 lb. in the  Armstrong gun. As a 
general observation, he objected to comparisons of ranges  and 
results, unless the  experiments were made at  the same  time,  under 
the  same circumstances, and wit.h the same object in view. 

Mr. W. B. ADaMs,-through the Secretary,-said, the proposi- 
tion of Mr. Longridge,  to make  a gun  that could not  be burst, was, 
evidently, the  true basis on which to work, in  the improvement of 
artillery. It must be clear, that  all power generators, or recep- 
tacles, must  be stronw enough  to hold and to  maintain the power, 
while applying  it. 'ro make the  strongest  gun, required the 
strongest material, if it was practicable to use it, and drawn wire 
was the  strongest a t  present known. Mr. Longridge  had succeeded 
in making the lightest gun yet produced, of great transverse 
strength, by a n  endless skein of' wire ; and  the problem of longi- 
tudinal  strength by endless skeins of wire was,  if needed, not 
difficult of solution. Nor need there be any  fear of the wire 
becoming loose, for it might  be of tempered  steel,  giving  constant 
reaction aga.inst strain, and it might, moreover, be soft-soldered 
together  to prevent it from unwinding. For the purpose of trans- 
port, it was evident, that lightness was a most important  quality, 
but for use  in the field another quality was required, weight to 
induce enough  inertia, so that  the whole of the force of the powder 
might be  expended in moving the projectile, while the  gun remained 
unmoved. And this weight was best  applied over the whole 
surface of the  gun, and not merely at the breech ; otherwise, the 
jar on t.he light muzzle would disturb  the accuracy of aim. For 
this reason it had been, that  English  duelling pistols, and American 
rifles, had usually been constructed with heavy and nearly  parallel 
barrels. As regarded  the question between built guns  and solid 
forpings, the present  practical condition of the  art of forging made 
the-former mode  preferable ; but it was probable, that ultimately, a 
mode of welding by jets of intense gas flame, inst-ead of by furnace 
heat, would enable  the manufacturer  to  pile  any mass of iron 
together  in perfect welds, without any oxidation of the surfaces 
internally, or, which amounted to  the same thing,  the malleable 
iron could be cast, by the Bessemer process, to  any size, and subee- 
quently hammered. Still, if a large  gun, easily  transportable by 
land, was required, it was a problem whether a gun of given 
lightness could be made  stronger of wire, or of solid metal ; and 
this was an  important problem, for the projectiles of enormous bulk 
and weight, which would, henceforth, be required for siege purposes, 

I n  the modern use of guns a circumstance had arisen, varying 
from the old practice. The powder was so highly explosive, that 
i t  became a violent sudden shock, instead of an expansive force, 
like steam in a cylinder. While loosely fitting round  shot were 
used, the strain in  the  gun was relieved by windage. With 
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the  modern elongated shot,  expanding lead  into rifle grooves, wind- 
awe was prevented, and  the  strain was at its maximum. The powder 
oPancient times was  slow burning, and  gradually expansive, and 
for that reason the  guns were made of great length, in order to 
expend  the whole power on the shot, previous to its leaving the 
gun: The advantage said to be obtained, by what was  called a 
‘gaming twist,’ in rifle guns, afforded a strong inference, that 
sudden shocks were considered mischievous. I t  was, therefore, 
worth while to consider how powder might be used with an 
increasing pressure, without a sudden shock ; possibly, by firing it 
from the  front portion, next  the projectile, as  in  the  Prussian 
needle gun, instead of at  the  rear, as was usual with all cannon. 

The  next question was, as to  the best mode of stopping windage. 
A t  present, the  approved methods were by violently and explosively 
moulding  a leaden  plug  into  the bore of the barrel, or by fitting a 
long bolt by machine tools. Now a rigid fit was not used in a 
steam  cylinder, which was analogous to a gun  in  its operation ; 
elastic  steam  being used instead of elastic gas. The piston of a 
steam cylinder had  an elastic  packing, involving little friction, 
without suffering any  steam  to escape past it. An important element 
in  the construction of an elongated  shot was, to keep it,s longitudinal 
axis  parallel  to  the bore of the barrel, and  this was by no means 
certain with the leaden  plug, which might yield more on one side 
than on the other, with the sudden explosion. A solid iron  shot 
would not  be subject to  this difficulty, but  the fit would vary and 
the windage would increasc as the  gun became heated. 

I n  regard  to  the question of rifling the bores of guns, which 
seemed to be  generally assumed as a principle not to  be dispensed 
with, it was still doubtful whether further experiments would not 
dispose of it altogether. I n  truth, rifling was simply a con- 
trivance for correcting the defects of badly constructed projectiles, 
at a considerable waste of propelling power. If  the centre of 
gravity of a spherical  shot was not in  the  exact centre, it would, 
when put in motion, move in a cubed line, instead of a straight 
line. As it was a mere  matter of chance, where the bias of a shot 
would be in  the  gun, it was uncertain where the projectile would 
fly  to. The spinning motion given by  the rifling, to some extent 
corrected this. But if the  centre of gravity was exactly  in the 
centre of the shot, there seemed to  be no apparent reason, why it 
should  not take  the  exact direction  given by a true propelling 
cylinder. With elongated shot, as commonly made, not only might 
the  centre of gravity be out of the  line of the  central axis, but almost 
invariably, when made with its sides parallel  and with a conical 
point, it would,  when placed in  the  fun, have the  centre of gravity 
behind the middle of the  length.  rherefore, on leaving the  gun. 
it would try to turn over, to get  the heaviest end foremost, and  to 
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prevent this, a large  quantity of power was expended on rifle- 
spinning it. 

But if the  centre of gravity was far  in advance of the middle of 
the length, there would not be  any tendency to  turn over, and if the 
centre of gravity was in  the  central axis of the  gun, and  the chase 
of the  gun was long  enough  to  determine  the  line of flight, there 
seemed no probable reason why the projectile should fly astray. 

There was some analogy  in  the form of the arrow, or ‘cloth- 
yard shaft,’ used with the  long bow. The diameter was to  the 
length less than 1 to 72. The centre of gravity was, forwards, 
two-thirds of the  length,  and  the  steel head  gave it a slight 
additional weight. The longitudinal  axis was perfectly straight, 
and  in the centre of the  diameter  all  through,  and two, or some- 
times, three  feathers at  the hinder end, corrected all tendency 
to  aberration  in  the flight. The muscular power with which it 
was propelled was from 50 Ibs. to 60 lbs., and it was stated to have 
a range of 600 yards, which could be  repeated twelve times in 
a minute. But all depended  on the accuracy of construction. If 
the arrow was crooked, or the  feathers were badly  applied, the 
accuracy of flight. and  the  length of range were impaired. 

A n  arrow could not, for many obvious reasons, be fired from 
a gun. The problem therefore, was,  how to  make a metallic 
arrow which should carry  its weight chiefly in the head, which 
should  keep its longitudinal  axis in the  longitudinal  axis of the 
gun, which should fit the bore  elastically, with sufficient tightness 
to  prevent all windage, wit,hout involving unnecessary friction, and 
with the propelling power applied near  the head, drawing  it, as it  
were, along  the chase of the  gun, instead of propelling it from 
behind. When this should be accomplished, and  it  did not seem 
a very difficult problem, the  length of the  gun should be so pro- 
portioned, as to consume the whole elastic power in propelling the 
shot, and not  wasting it externally, as in  carronades. And  the 
longer  the  gun,  the  truer would be the aim and direction. 

The  advantages of getting  rid of the rifling process would be, a 
gun more  easily made, more easily kept in order, and considerably 
stronger, with a given weight of metal. But  it was also important., 
that  the shot should be  in a convenient shape for stowage and 
transport,  and moreover, be cheaply and readily produced. 

Tt was not necessary to allude,  particularly, to  the construction of 
the  Armstrong  and  the  Whitworth guns. Both, if exceeding 
3 inches in bore, were of wrought  metal, formed by shrinking 
reinforce  rings, or tubes on to a central  tube. Both were breech 
loaders ; both were rifled;  both carried elongated  shot ; both were 
provided with a lubricator in  front of the powder ; both had their 
vent  on a moveable part, capable of replacement when  worn ; and 
both were combinations of parts. 
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Now, as to  the respective merits of the two systems. It was 
claimed for the  Whitworth  gun,  that  it was both a breech and a 
muzzle-loader, with its one  prepared shot, whilst the  Armstrong 
gun was only a breech-loader. This was not important, 
as muzzle-loading would only be resorted to, in case of some- 
t,hing going wrong with the breech, which would, probably, 
render  the  gun useless. But the  Armstrong shot could very easily 
be converted to muzzle-loading, by driving it through an iron 
collar, to strip off the  lead covering. As regarded the rifling, a 
certain  amount of surface was essential,  to  prevent the lead from 
slipping its  threads by the twisting action. With few grooves they 
would require  great depth, whilst by multiplying  them, a less depth 
sufficed, and  there was less risk of bursting. With the flat grooves 
of Whitworth,  there was a tendency to  draw them into a true circle, 
when the powder exploded. Theoretically, the outside of the  gun 
should  correspond  to the inside in  the number of the flats. 

With respect  to projectiles, Mr. Whitworth  had  the  advantage in 
a hard material, which might be thrown down like ordinary shot 
withont much damage, unless when exposed to rust, which, however, 
might  be provided against by galvanising. The lead-covered Arm- 
strong shot  required  to  be treated carefully, and each would have 
to  be packed in a separate box, t.0 save the  lead from damage. The 
Whitworth elongated shot, tapered at both ends, was much more 
in conformity with the established  rules for passing through fluids 
with the  least resistance, than were the parallel shots with conical 
heads. The statement of Sir TVilliam Armstrong, that  the shot 
always advanced along  the trajectory curve parallel to the axis of 
the  gun, with its  tail  hanging down, simply proved, that  it was not 
in balance, and  that  the heaviest end  hung down in the tendency 
to  get forwards, which was impeded by the  spinning movement. 
An arrow in  balance  always fled parallel to  the trajectory curve. 

Mr. Whitworth,  in his specification, claimed the original 
arrangement of a tallow box in front of the powder. Sir William 
Armstrong,  after experience of the disadvantages of washing out 
the gun, enclosed the tallow in a ball of hemp. 

I t  could not be denied, that with great outlay and a series of 
long-conducted  careful experiments, both these gentlemen  had 
accomplished an amount of precision and  length of range never 
before known with cannon. But the  principle of the whole  was to 
be  found in  the  elongated shot, the absence of windage, and  the 
greased projectile, a combination common to all well-made and 
well-used shoulder rifles ; and they had produced gigantic rifles, 
as perfect  in all  their  arrangements as the best-made philosophical 
instruments. 

Other  things  being equal, there could be no doubt, that  length 
of range was an  important  advantage ; but for  practical fighting, in 

2 G 2  
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the field, on ship board, and  in forts, simplicity in  the fighting 
machinery was very important. Breech-loading was important 
for many reasons, and both Whitworth  and  Armstrong had  done 
good service, in showing that efficient breech-loading cannon could 
be made. But  there did not  appear  to  be  any absolute reason 
why these  breech-loaders should not be simplified. If  the chamber 
where the powder was placed was reinforced externally,  to a 
sufficient size, it might be pierced, at  the  back of the powder, 
transversely  to the bore, with a slightly conical hole, larger  than 
the bore, and this hole being  stopped with a pin, with a slot in the 
small end with a key  to  tighten  it,  and a slot in the  large  end  to 
loosen it, a perfectly  practicable  breech-loader would be  obtained, 
without needing  any screw whatever, the whole workmanship being 
of the simplest kind,  and suited to  the  habits of working artillery- 
men. Screws of accurate workmanship constantly moved, and being 
liable to the  sprinkling of sand, or gravel, would be easily rendered 
useless. The vent might be made  through  the coned pin, but it would 
be  better to  make it  through  the  gun,  near  the front of the powder, 
so as  to  burn it backwards. . Much stress had been laid on the 
importance of preventing the escape of gas, at the back of the 
breech. Sir  William  Armstrong applied a copper cone for this 
purpose, and Mr. Whitworth was very careful in  the fit of the 
screw cap. But  the effectual stoppage of gas, or windage, behind 
the powder, could not be more difficult than  in  fiont of the powder. 
If a wad of lead, or of papier m9ch6, were applied behind the 
powder, it would have precisely the same effect as behind the shot, 
and with a breech-loader might  be more easily moved, after dis- 
charge, than  the  ordinary wad in a muzzle-loader. 

No  comparative  experiments had  yet been  made, between the 
results of one of these new rifled cannon, with all its appliances, 
and  elongated shot, and  the best possible construction of a smooth- 
bored cannon, and appropriate  shot ; considering the  range, force, 
accuracy, and cost. W-ith the rifled cannon, it was said, that  the 
armour plates, 49 inches thick, of a vessel had been pierced. There 
was little  doubt,  that a smooth bore driving  the projectile with 
equal force, would better punch a hole, by reason of the absence of 
the  spinning movement,. If a revolving punch was applied to an 
ordinary punching machine, it  was more than probable, that  thc 
punch would be broken. 

I n  naval warfare there were, up  to  the present time, two modes 
of fighting ; ‘ long-bowls,’ and ‘ yard-arm and yard-arm.’ For 
the  latter purpose, breech-loading guns of great weight, ending at  
the muzzle in a large ball fitted to a close socket in the ship’s side, 
with a wheel behind, on which to traverse about  and depress, would 
be a good arrangement, leaving  no  opening, except at  the  front 
sight of the  gun.  There would be no smoke aboard, and by means 
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of water hose, the  guns could be rapidly cooled down  when required. 
Means  being taken to prevent  the  recoil, two men could work a 
gun as easily as a dozen, without  being exposed to  shot from the 
enemy. 

For ' long-bowls,' heavy non-recoiling artillery, probably 
mounted with a central ball, in a socket, instead of trunnions, and 
capable of moving vertically and horizontally, would best serve ; 
and when that was accomplished with a gun of ordinary calibre, 
attention  might be given  to  the  idea of Mr. Mallet, of throwing 
into fortresses shells large enough to  be  termed ' portable  mines < 
only, in order to get  the best result,  cylinders  must be used instead 
of spheres, for projectiles. 

Objections had been taken to the  great cost of the Whitworth 
and  the Armstrong.guns. If this cost were essential  to great  and 
undoubted  superiority, the  English nation ought to rejoice a t  it, 
as giving a t  once t,he advantage  to  their  long purse. But if an 
equal effect, or a greater effect, could be produced by simpler 
means, then it would be a sorrowful disadvantage  to  the English 
nation to make expensive guns, while their foes were making 
cheaper ones. 

Upon the whole, the improvement in  artillery was favourable to 
the cause of humanity, for fortresses, the strongholds of irrespon- 
sible power,  would be  no longer defensible. Long-range guns of 
enormous power of propulsion would explode  them, and  their only 
defences would be mounds of earth, easy for numerous  assailants 
to swarm over. The cost of armies must be enormously augmented, 
by increased numbers, when they could no  longer  be  sheltered by 
fortresses, and  their expense would, ultimately,  be  destructive to  the 
nation depending on them. 

Neanwhile, the threshold of improvements in  artillery was only 
EOW reached, and  the subject had  yet to  be  exhausted, before it 
would be safe to  rest upon the present  amount of knowledge. 

Mr. LONGRIDGE said, before replying  to  the  remarks which bad 
been  made, in  the course of the discussion, he might be allowed to 
refer,  for a moment, to a matter personal to himself. H e  was 
sorry that  anything  in his Paper should have been construed into 
an  attack,  either upon military authorities, or upon the Select 
Committee  on Ordnance, at Woolwich. From some of the 
observations, it appeared as though he had drawn up  the  Paper 
with the express  purpose of decrying military  men and  exalting 
his own profession, or of venting on the  Select Committee the 
spleen of a  disappointed  inventor. If  that  had been  his  intention, 
he would have been  unworthy to be a Member of this Institution ; 
and he was sure  that  had  the  Paper been  justly liable  to  this 
reproof, the Council would never have allowed it  to be read.  But 
in point of fact, not a word in his Paper could  be fairly construed 
in that sense. What  he  said was this;  that  the Civil Engineer, 
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from his  daily practice,Iwas more  conversant with the properties of 
the useful metals, than his military  brethren ; and  might, therefore, 
be allowed, without  presumption, to discuss the question how to 
make a strong gun. He still adhered  to  that opinion. With 
regard  to  the Select Committee,  he  had  the  highest respect  for 
certain members of that body ; and  amongst them,  for the  gentle- 
men who had  taken  part  in this discussion. It had been remarked, 
that  it was not  right  to  attack  an absent body. Even if that 
had been done, the Committee had ample  opportunities of defend- 
ing itself, through such of its members as were invited  to be pre- 
sent. It had, moreover, been said, that whether the  matter, 
brought by Mr. Longridge before the Committee,  had been fairly 
dealt with, or had received due consideration, was open to  fair 
argument. H e  thought he could show, by a few observations, that 
it  had neither been fairly dealt with, nor fully considered. When 
he said  this,  he did not intend  to convey any  charge of personal 
unfairness ; but  he contended, that  the project did not  meet with that 
consideration, to which it was entitled from the experiments and  re- 
sults, laid before the Committee. H e  thought too that, personally, 
he  had  not been  quite  fairly dealt with, by members of that Com- 
mittee who had  taken  part  in  the discussion. I t  had been  repre. 
sented, as though  he  had  sent a gun  to be reported upon by the 
Committee. IIe  did no such thing. All that he  placed before 
them was a simple brass cylinder  bound  round with wire. In  
introducing  it to their notice, he took care  to state, that  it was not 
a gun,  but merely an illustration of what he conceived to  be a 
means of obtaining  great circumferential strength in a gun. H e  
also handed  in a written  description of how guns  might be made 
upon that principle, and also how the  trunnions were to be 
attached. That written  description was accompanied by  two draw- 
ings,-one of a 32-pounder and  the  other of a 10-inch howitzer,- 
showing how the  trunnions were to be  attached. H e  thought, 
then,  that  after  explaining precisely what the construction of the 
cylinder was, (Fig. 12, page 308,) it could not be  said, that his  plan 
had been fairly dealt with, when this wire-bound brass  tube was 
virtually  hung by the muzzle and fired with 2 lbs. of powder;  the 
usual proof charge for a 3-pounder gun  being l i l b .  Under such 
circumstances, it. could not be a matter of surprise  to any one, that 
the breech should have been blown off. H e  believed, that a trial with 
the heaviest gun  in  the service, under similar conditions, would 
have been attended with the same results. Therefore,  he submitted, 
he had  made  out a case, that  the invention in question had 
neither been fairly  tried,  nor fully considered. In  further proof of 
this, he might Etate, that he  held in his hand a letter from a very 
influential  member of the  Select Committee, and one who had 
taken  part in this discussion, written in  September,  1855. H c  
said :-" I believe it is generally  thought,  that  the  experiments 
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made, do not go towards  any disproval of the  leading  idea of your 
proposition.” 

Before entering upon the subject of the  Paper,  he  begged  to  be 
allowed to make a few remarks, upon one, or two matters which, 
incidentally, had come before them. H e  had been greatly dis- 
appointed  that,  in  the course of the discussion, particularly, con- 
sidering  the presence of so many gentlemen of eminence, in  this 
department of science, they had  heard so little upon the subject of 
the effect of twist in rifled guns.  Several descriptions of guns  had 
been brought forward,  varying greatly in the  character of the 
twist, and for  each class, superiority was claimed. But no clear 
explanation had been given of the effect of the twist, or indeed, 
what it sought to effect. A note on this subject was 
appended to  the Paper,’ and  he would now only briefly refer 
to such of the causes of deviation, as were affected by the rifling 
of the  gun  and shot. H e  believed a misconception existed 
upon that point, and therefore, he was glad of an opportunity 
of saying a few words upon it. The first object, in rifling a 
gun, was to  correct the deviation, which  was due to the  want 
of symmetry  in a projectile. When a projectile was thrown 
from a gun, if the  resultant of the resistance of the  air  acted 
through  the  centre of gravity, there would be no such deviation ; 
but inasmuch as an exactly  symmetrical  shot  could  not be prac- 
tically  obtained, when the  shot met the resistance of the  air,  it 
was deflected to one side, or  the other. To  correct  t.hat  deviation 
was the  primary object of rifling ; and it was supposed, that by 
causing  the  rotation of the shot, it would describe a series of 
spirals  round the prolonged axis of the gun. That  he believed 
was incorrect. The projectile did not describe spirals, but a 
series of curves, the  general direction of which  was a straight line, 
deviating uniformly from the prolonged  axis of the  gun,  and  the 
projections of which, on a plane at right  angles  to  the axis, were of 
a cycloidal form. It was a mistake to suppose, that  the  shot 
described  spirals  round the prolonged axis of the gun. It made a 
deviation to one side, or  the  other,  dependent upon the first 
impulse of the air, as the shot passed from the gun. A small 
amount of twist was sufficient to counteract, that deviation. 
Taking, for instance, the  three  guns which had been more promi- 
nently  brought before their notice : viz., Mr. Haddan’s  gun, with a 
twist of one  turn  in 40 feet ; Sir  William Armstrong’s gun, with a 
twist of one turn  in 9 or 10 feet ; and Mr. Whitworth‘s gun, with 
a twist of one  turn  in 5 feet. In  a distance of 1,000 yards, Mr. 
Haddan’s shot would make sixty turns, Sir William Armstrong’s, 
three  hundred turns, and E .  Whitworth’s,  six hundred turns. 

1 Vide Appendix, page 325, ante. 
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The cycloidal curves, he spoke of, were very minute indeed, 
varying from &h to mlnDth part of an inch. The shot  made 
a deviation  equal to  the  length of the base of one of these curves, 
in each revolution. I n  a range of 1,000 yards,  the deviation, 
in  the case of Mr. IIaddan's  gun, would, therefore,  be 2 inches; 
in  Sir W. Armstrong's, ,4,ths of an inch ; and  in Mr. Whit- 
worth's, &ths of an inch. Consequently, a very small  amount 
of twist was sufficient to  correct the deviation, arising from the 
cause now under consideration. The next cause of deviation 
was due to the position of the  centre of gravity of the projec- 
tile, and was  well exemplified in  the gyroscope. If the  centre 
of gravity was behind the  centre of resistance, the shot would 
deviate in a long  spiral  to  the  right  hand,  in a right-handed 
twist, and to the left, in a left-handed twist. If  the centre of 
gravity was in  front, the reverse would be  the case ; and  the  greater 
the velocity of rotation, the less would be the amount of devia- 
lion. To  get  rid of this deviation, great velocity of twist was re- 
quired. This deviation was always due  to  the position of the 
centre of gravity. By arranging  the  centre of gravity  as nearly 
as possible in the  centre of the figure, this  deviation would  be, to a 
great  extent, avoided. 

There was another cause which, no  doubt,  operated in a con- 
siderable  degree ; the  rolling mot.ion of the shot upon the air. 
If a cylinder was rolled between 6wo surfaces with different 
pressures, it would  move itself in the direction of rotation, along 
the plane where the pressure was the  greatest.  The motion of a 
shot revolving and falling in  the air, was  of that character. The 
resistance on the  top was less than on the bottom, and  the rolling 
motion tended  to move the shot to  the  right hand, if the  gun 
had a right-hand twist. This deviation was greater,  as  the twist 
was greater ; consequently, if he was correct  in  this position, it 
would appear,  that  the  great amount of twist given to some of these 
guns, if really necessary, was only rendered so by the position of 
the centre of gravity  in  the shot.. H e  could see nothing wrong 
in  the  reasoning which had led him to the principles he had 
laid down. This reasoning was fully given in  the  note before 
referred to. 

There was another deviation, which  was not confined to rifled 
guns, but was common to  all ordnance ; that was, the want of some 
means of adjusting the trunnions  perfectly horizontal. I n  a long 
range, with high  elevation, it was a very  material point. If  the 
trunnions deviated only 1' from the horizontal  line, the elevation 
being 35", a range of 8,500 yards  gave a lateral deviation of 
110 yards, aud with an elevation of 10" and a range of 4,000 
yards, the deviation would be 12 yards. Consequently, an  error 
of l", which was so slight as not to be detected by the eye, gave 
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rise to  important deviations in firing. H e  thought,  that  in  any 
comparative experiments with guns, that  point should  be carefully 
attended to. 

It was not difficult to calculate the amount of force required to 
give the twist. It was inconsiderable, even in  the case of the 
Whitworth  gun. H e  could not, however, agree with the state- 
ment  made by Mr. Whitworth,  that  the amount of rotation helped 
the shot  forward. H e  thought  it  had a contrary effect, and that 
whatever force was employed in  giving rotation, diminished, to 
that  extent,  the longitudinal force ; but  the  amount was incon- 
siderable. In  the Whitworth  80-pounder gun,  supposing the 
velocity of the shot to  be 1,300 feet  per second, the  mean force, 
or pressure  for that velocity, would be 306,900 lbs. throughout 
the  length of the  gun ; whilst the force to give rotation,  including 
friction, would be only 7,000 lbs. 

The  next point,  upon which he would offer some remarks, was 
as to the force of gunpowder. He  had estimated it at from 17 tons 
to 20 tons to  the  square inch. That  result was arrived at from his 
own experiments. The plan adopted was, in his opinion, a correct 
mode of ascertaining the  strength of gunpowder. The more ordinary 
way of estimating it was by two methods ; first, by ascertaining the 
actual volume of the gases, and their expansion by the  heat gene- 
rated ; and secondly, by experiments with the balistic pendulum. As 
to the first of these methods, the  absolute knowledge was very im- 
perfect. The volume of gases generated was known with tolerable 
accuracy ; but not  the  actual temperature. The amount, however, of 
the heat given out by the  carbonandsulphur of the powder was  known, 
and the specific heat of the gases at a constant ressure ; but what 
was required, was the specific heat a t  a constant vo r ume, which though 
known for air, nitrogen, and sulphuret of potassium, was, he be- 
lieved, not known accurately  for carbonic acid. From these data, 
an estimate might be formed, which would bring  the  temperature 
to about 9,440"; and this would result in a pressure of about 42 tons 
per square inch, if the pressure was measured by Mariotte's law. 
As far  as  the experiments with the balistic pendulum went, Hutton 
had  arrived at the conclusion, that  the force of gunpowder was 
frpm 12 tons to 16 tons to  the  square inch. Captain Boxer, in his 
" Treatise on  Artillery,"'  calculating by the volume and assumed 
temperature of the gases, gave  the force as 2,154 atmospheres, or 
144 tons to  the inch. This, however, was on the supposition of the 
truth of Mariotte's law, as applied  to the circumstances of the gases 
from gunpowder, a hypothesis which Captain Boxer correctly  stated, 
the present state of knowledge would lead  to doubt. Applyjng 
Hutton's formula to the  Whitworth 80-pounder  gun, and  taking 

Part I. 8vo. London, 1854. 
t7ide c' Treatise on Artillery, &C.," by Capt. E. M. Boxer, R.A. Sect. 1, 
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the velocity a t  1,300 feet per second, Mr. Longridge found the 
initial force to  be  about 171 tons  per square inch, If Mariotte’s law 
was used. But if, instead of this, the true thermo-dynamic law 
was wade use of, the initial force would be found to be 244 tons 
per square inch. In  both cases, it was supposed, that  the whole of 
the powder was burnt instantaneously. If, for example, D E, 
(Fig. 32), represented the chase of a gun, and D C the space occu- 

Pig. 32. ,---a 

pied by the powder, then, if the explosion took place instantane- 
ously, the pressures a t  any  point would be  represented by the ordi- 
nates  to  the curve R H F, if Mariotte’s law was used ; but by those 
of the curve A H G, if the  true thermo-dynamic law was employed 
in  the calculation. The curve A €I G was what was called an 
adiabatic curve, or curve of no transmission ; the amount of heat 
contained in  the gases, during  the whole process of expansion, being 
considered constant, whereas, according to Mariotte’s law, the tem- 
perature was considered constant. It was, however,  well known, 
that powder did not burn instantaneously ; and  it was important 
to know what effect the  rate of burning  had upon the  initial force. 
With the view of illustrating this, he had prepared a diagram,  (Fig. 
33, page 439,) which he would explain. Taking A Q to represent 
the chase of the gun, and A B the space occupied by the  charge, 
and  applying Hutton’s formula, modified by the adoption of the 
thermo-dynamic law, a curve P G would be found, whose ordinates 
would represent the pressures, and whose area B P G Q B, the work 
done. This was on the hypothesis of instantaneous burning. If, 
however, the powder did not  burn instantaneously, the case would 
be different. As soon as the pressure behind the ball exceeded the 
friction, the ball would begin to move, and  the space for the gases 
would increase. I f  F B represented  the pressure needful to 
overcome friction, the curve of pressure would be somewhat like F J ; 
the  ordinates increa.sing up to a certain point, probably till all  the 
powder was burnt. A t  any rate,  let  the ball be at D, when all 
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the powder was burnt; then D J would represent  the  pressure. 
From  this  point,  the  curve of pressure would be an  adiabatic curve 
J H. Now the work done on the  ball  must be the same as  in  the 

Fig. 33. 
N M L  

former  case ; consequently,  the area B F J H Q B must be equal 
to the  area B P G Q, B. I t  was, therefore,  evident, that  the point 
J must lie  outside  the  curve P G. This being so, it followed, that 
if the curve H J was prolonged  backwards, the  ordinate B M would 
be greater  than B P ; that was to  say, the  initial force of the slow 
burning powder, if  not  allowed to expand, would  be greater  than 
the  initial  force of instantaneous  burning powder, doing  the  same 
work and  calculated by the law above  named. Hence  it followed 
that,  taking  the  same case as before, viz., the  Whitworth  large 
gun,  the  initial  force of the powder, if it  had not been allowed  to 
expand, would have been greater  than P B as  determined  for  that 
case, viz., 244 tons  per  square  inch. How much greater,  there were 
no means at  present of knowing, because  the position of the point 
D, when the  powder was all  burnt, could not be determined. The 
next  remark was, that  the slower the  burning of the powder, the 
less was the effect produced with a given  quantity.  Taking  the 
curve M J R H for  instance ; if the powder burned  instantaneously, 
the work done would be the  area R M J H 9. B. If  the powder 
was not all burnt  until  the  ball  arrived at D, the work done would 
be the  area B F J R G H B. If a still slower powder was used, 
which did  not all burn  until  the  ball  arrived at  S, the work done 
would be  only B F R H Q B. From this, the  great loss of effect, 
c,aused  by the use of sloK-burning  powder, was very obvious, and 
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if the same effect  was to  be  obtained, it could only be accomplished 
by using larger charges. For instance, let  there be  two  powders, 
one of which burned slower than  the other. Let A B be t,he length 
of charge of the quick burning powder, and  let  it  all  be  burnt when 
the  ball  had reached D ; then the work done was B F J H Q B. 
If  now the same work had to  be done with a slower powder, 
a larger  charge A C  must be used, so as to  obtain  an  area 
C) 0 K I Q, C equal  to the  area B F J H Q B ; and this increased 
length of charge, required for slow powder,  would be peculiarly 
inconvenient in  the new system of guns, where the calibre was SO 
much less, than for an equal  weight of projectile, under the old 
system. That being so, it  was with great surprise that he read, 
in the speech of the  Secretary at War upon the  Army estimates, on 
the  17th of March, 1860, a statement to this effect :-“That the 
last gun  sent by Sir William  Armstrong  to  be  tried, was a 
12-pounder, upon  which the experiment was made, of firing forty 
rounds, with a charge of 1gIb. of  slow powder. These experiments 
showed, that they had been wrong in  using powder of so quick a 
detonating  nature for artillery practice, and especially for rifled 
cannon, which required a weaker and slower powder than  in other 
cases.” Mr. Longridge presumed the  Right  Honourable  Gentle- 
man would not have made that  statement, unless upon authority. 
H e  thought,  that if such were the case, although improvements 
might have been made in  the construction of the guns, a retrograde 
step  had been taken  in  the use of them. If the  statement were 
true: it would  be advisable to go to the Chinese, and to  learn how to 
make good rifled cannon gunpowder. For his part, he believed the 
statement to be erroneous, It could not  be otherwise, than  that 
the more rapidly the powder was burnt,  the  greater must be the 
effect. H e  could only account for the  desire  for slow  powder, by 
supposing that  there was some fear lest the guns would not stand 
thc  great increase of work,  which  would have to be  put upon then], 
if the rifled principle was carried out, to its fullest extent, with 
quick powder. It had been stated,  that  the Astronomer  Royal 
cntcrtained  the opinion, that  the  strength of gunpowder was equal 
to 80 tons  to the  square inch. IJpon  hearing  that, Mr. Longridge 
wrote to Professor  Airy, and had received from him a reply to the 
effect, that it. was the  result merely of a rough  mental calculation, 
and was never intended to be made public. H e  had since ascer- 
tained, that  the divisor 2 had been omitted in  the computation, 
which  would bring  the figure down to 40 tons instead of 80 tons ; 
and even this, the  learned Professor admitted to be based only on 
a very rough approximation. 

H e  could not agree in the opinion, expressed by Sir William 
Armstrong,  that  the effect of a resisting  medium was to prolong the 
range of the shot. No doubt  the tendency of the resisting medium 
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was, at some portion of the flight, to raise the trajectory of an 
elongated  shot, which preserved  the direction of its  axis, above 
what it would  be,  if the  shot moved taugential  to  the curve. He 
had  prepared a diagram  in  illustration of this, (Fig. 34). 

Fig. 34. 

Let A I: G be the  range of a projectile, in vacuo, from  the gun 
A. Then  the  range, in  air, of a shot  moving with its  axis tangential 
to its path, would be somewhat like A H I J ; and would ultimately 
be asymptotic to a vertical  line K L. But, if the projectile had 
such a spin, as to  preserve  the  original  direction of its axis of rota- 
tion, the action of the  air on the  under-side would be, to raise the 
trajectory above A H I, to some other curve A B F C, part of 
which might possibly be above the  parabolic  track.  If so, it w o d d  
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soon cross it, and  as it lost its horizontal velocity, it would  be more 
and more deflected back,  till finally, the horizontal  clement of the 
resistance of the air would cause it  to cross the trajectory of the 
tangentially-moving  shot ; and eventually, if no obstacle interfered, 
it would pass beneath  the gun,  in a curve asymptotic to a line 
L D E M. This result was easily proved, by a consideration of the 
forces. It was, therefore, seen, that  the  range of a spinning shot did 
not, in every case, exceed that of a tangentially-moving shot, this 
depending upon the position of the point of intersection of the two 
trajectories. 

H e  did not believe that,  in  any case, the actual  range could 
exceed the parabolic  range, or the  range in vacuo. H e  had cal- 
culated  the  parabolic  ranges for some of the experiments made 
with the  Armstrong  and  the  Whitworth guns, and the  results 
were :- 

Elevation 
of 

Gun. 
- 

_.--- 

Actual 
Ilange. 

Yards. 

2,480 

2,797 

3,000 

2,342 

4,120 

2,604 

4,730 

Parabolic 
Range. 

Yards. 

2,940 

3,349 

3,755 

3,057 

6,020 

3,057 

G ,020 

Difference. 

Yards. 

460 

552 

755 

715 

1 .go0 

453 

1,290 

Initial 
Velocity 

per Second 
in Feet 

1,080 

1,080 

1,080 

1,300 

1,300 

1,300 

1,300 

In  all these cases, the  actual  range was much below the  range 
in vacuo, or the parabolic  range.' 

experiments, as corrobomtive of Sir W. Armstrons's  assertion :- 
L I n  his remarks  on  closing the discussion, the  President gave the following 

Description of Gun. Elevation. in Feet Actual Range. 
Inltial Velocity 

per Second. 
~ ~ _ _ _ _  -------- 
Whitworth  12-pounder . . 0' 

1,080 840 1' 15' Armstrong  12-pounder . . 
1,300 1,252 

Yards. 

Now the parabolic ranges in this case, taking into account the difference of 
~~ 

level, would be :- 
Whitworth gun . . . . . . 1,260 yards. 
Armstrong  gun .. ..  .. 717 ,, [The 
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To come now to the subject of the  Paper, it would seem, from 
what had been said by some of the speakers, that what had been 
sought was altogether unnecessary, that  cast  iron was strong 
enough for the purposes of ordnance, and  that no better  material 
was required. There were two classes of opinions on the subject. 
With one it was  the  attachment  to  an old and faithful friend; 
with the  other it seemed a more romantic feeling, delighting in 
the anticipzted development of future excellence. One  gallant 
officer had spoken, with great warmth, of his own experience of 
the  good service done by  the old  cast-iron guns, and all must 
sympathise with him, to some extent,  in his  feelings of attachment 
to his  old and  trusty friend.  Such  feelings were very nigh akin to 
those which had so long enabled ' Brown Bess' to hold  her ground, 
in spite of the refined graces of her more youthful rival. But  he 
thought  this class of admirers might be left with a passing acknow- 
ledgment to their constancy, and  that  attention  might be turned 
to those who anticipated a great  future for cast-iron guns. It, 
had been said, that he had  understated  the  strength of cast  iron in 
putting it at  8 tons to  the square inch. H e  had  taken  that as 
the  average  strength of cast iron in  general. H e  believed, that in 
the inside of guns, it was not nearly so much. H e  had been rather 
astonished by the  statement,  that some experimental  cast  iron, 
which had been t.ested, was equal to a tensile force of 44,000 lbs. 
On inquiry, he found, that  in  that instance Acadian charcoal iron 
was used, and  it seemed, that one specimen had borne nearly  that 
force. But in the  same  page of the pamphlet, from which this  high 
result was quoted, there were instances  in which the tensile strength 
of the  same  iron was not quite 8 tons.' Mr. Longridge  had referred 

in  estimating the velocity  would  greatly  affcct the parabolic  rangc, and  secondly, 
The  last of these  rcsults  was  not at  all conclusive ; first, because a  slight error 

because  a  very  small  error  in  elevation, at so low a11 angle, would also  grerttly  vary 
the range. For instance, an error of only 15 minutes would cxtend  the  rmge from 
717 yards  to 972 yards. It was, therefore,  quite  possible that t.he anomalous  result 

out -J. A. L. 
of the  last experiment  might be attribnted to one, or both of the causes just pointed 

Since  making  thc above  remarks, Mr. Longridge's  attention  had  been  called 
to the  fact,  that  the specimen of iron, mhich bore  under 8 tons  per  square  inch, 
was of the first melting. The results of the different  specimens  tried  are,  there- 
fore,  given :- 

FIRST M ~ L T I F G .  

2nd. ,, 
1st. One bar . . 16,973 lbs. per  square  inch. . . 19,271 ,, 
3rd. ,, . . 24,227 ,, 

~ ~~ ~ ~ ~ ~~~~~~~~~ . 

Tensile Strength. 

HALF PIG AND HALF SCRAP FEOX PREVIOUS EXPERIMENTS. 
1st.  Mean of two bars . . 34.926  lbs.  per  square  inch. 
2nd. ,, 
3rd. ,, 

,, . . 21.062 ,, 
,, . , 41.519 ,, 

There was thus,  evidently,  a great variation in the  quality of the iron.-J.A.L. 
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to one, or two documents  upon  this subject;  and he found in the 
last Blue Book, (1858,) containing the Woolwich  experiments, that 
the maximum strength of cast iron there tried, was 15 tons, and 
the minimum strength, 44 tons, the average  being 10 tons. Those 
experiments  were made upon irons  prepared, and sent specially 
by the makers, and doubtless, considered by them as the best for the 
purpose. The  result of Mr. Hodgkinson’s experiments, recorded 
in his  edition of ‘‘ Tredgold,” showed an  average tensile strength of 
7 tons  to 79 tons per  square  inch;  Low Moor iron beinm G& tons, 
and  Carron iron, 64 to 7 tons. From  the  Report of the :Commis- 
sioners  on the use of Iron  in Railway  Structures,” (1849,) it ap- 
peared, that  the tensile strength of Bowling iron was 6 tons to 62 
tons ; and  that of Low Moor iron 7 tons per square inch. He, there- 
fore,  thought, that he  had not understated  the  strength, in taking  it 
at 8 tons. It should also  be  borne in mind, that those irons which 
had  the highest tensile strengt,h, were less  suited for ordnance, 
than those which, like  the Low Moor and Bowling irons, had less 
power of ultimate resistance,  but possessed more elasticity. 

A great  deal  had been  said, about  the mixture of certain alloys ; 
but  he  thought  the present. state of knowledge, upon that subjcct, 
was not such as to warrant  them in  looking  for any  great improve- 
ment  in  that respect. The increased  density of iron had been 
spoken of as a means of improvement. All  that Mr. Longridge 
would say upon that point was, that iron of a density of 7 * 3 was 
considered at TIToolwich, unsuitable for gun purposes. He  had 
been surprised by the observations which had fallen from the 
Chemist to  the War Department, €or whose chemical know- 
ledge he had  the  highest respect. But,  at  the same time, he 
thought an undue  importance had been attached to identity of 
chemical composition, as forming a guide  to  the mechanical 
properties of iron. 

Many  striking instances might be give11 to sllow, that  identity 
of chemical composition might co-exist with great variation of 
physical properties. For example, . phosphorus was a deadly 
poison, and ignited with the  least friction in  its ordinary state ; 
yet  in  another  state, without any  change chemically, it might 
be swallowed without causing any injury, and did not  ignite by 
friction. H e  believed  there were certain compounds, such as 
one of chlorine and naphthaline, which existed in  the gaseous, 
the liquid, and  the solid form, and  yet  no chemical difference 
could be detected.  Therefore, he did  not think  that chemical 
identity  had much to  do with the mechanical properties of iron. 
H e  was supported in that opinion, by the  Report of a Committee 
of Chemists appointed  in the  United  States, in 1849, to inves- 
tigate  this question. In  1851, their first Report was made, which 
was of a hopeful character. In  3 852,  it was reported, that a 
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decided relation, it was believed, had been observed between the 
amount of uncombined carbon  and  the tensile strength of the 
metal. But  in  the final Report, in 1855, all  the former reports 
were withdrawn, and  it was stated,  that ‘‘ though a t  first largely 
appreciating  the  extent of our labours, the completion of them 
sensibly diminished that estimate of their usefulness.” Therefore, 
he thought, however desirable it  night be to  ascertain the chemical 
qualities of iron,  practical  men were yet very far from being  in a 
position to  accept them  as indices of its tensile strength. 

The  next point was  with respect to wrought iron. Mr. Clay 
intended, apparently,  to object to  the statement, made in the 
Paper, with respect  to the deterioration of the iron on the  inside 
of large forged-iron guns;  but  he merely took objection to  the 
statement,  and  made no comment upon it. Now that  statement 
having been taken from the writings of Mr. Cla himself, it could 
only be presumed, that when he  recorded the Acts, he  had been 
satisfied as to  the accuracy of what he  had written. I t  had also 
been mentioned, that a new process of making  guns  had beeu dis- 
covered ; and  although  the method was not communicat,ed, it was 
stated, as a proof of its value, that a tube 2 1  inches in calibre, and 
2 inches thick, was fired with a charge of 1, ? lb. of powder, twenty- 
two round balls, and a cylinder  projecting 12 inches from the 
muzzle, without  injury to  the tube. In answer to this, Mr. Long- 
ridge would point to the  tube represented  in  Figs. 14 and 15, 
(pTges 312 and 313), which  was 3 inches  in diameter  and only gths 
of an inch in thickness ; and which was fired with 2 Ibs. of powder, 
under circumstances, described in  the  Paper, infinitely  more trying 
than those now referred to. This cylinder,.$ths of an inch thick, 
had been  tested far more severely than  the won cylinder, 2 inches 
in thickness. 

H e  had very little to say upon the subject of steel  guns. 
Kriipp’s  steel had been alluded to, as possessing extraordinary 
tensile strength ; and  it was stated,  that  the accident to  that  gun 
was caused entirely by the  nature of the projectile used in the 
trial. The form of shot shown in Fig. 19, (page 319,) had been 
ridiculed ; but. he begged  to say, that it never had been  his intention 
to use that shot,  except for a particular experiment, and with a very 
small charge of powder. In  his absence, it  had been put into the 
gun with 2 Ibs. of powder behind it, and  the  result  had been the 
accident he had described. With  regard  to  the form of shot used 
in Mr. Krupp’s  gun,  there was a wrought-iron hoop round  the 
breech, and  that hoop seemed to have  shifted, sheared away the 
cast  iron, and been jammed in  the  gun. H e  thought  that such a 
shot ought  not to have been tired with a heavy charge of powder. 

Whatever  material was used, it  ought to  be  applied  in the best 
possible manner, to  enable it to  do its full duty;  and  this was cer- 

[lSSO-60. N.S.] 2 H  
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tainly  not the case in a homogeneous mass. The attempt to cast 
guns hollow, and  to cool them from the inside, had, he believed, 
been long since abandoned  in  the American arsenals. Several 
instances had been given of cast-iron guns which had shown great 
powers of endurance ; but  he would observe, that  it was no proof 
of the sufficiency of cast iron,  that a gun  had been fired a certain 
number of rounds, with given charges. A cast-iron gun, if  well 
made, and of uniform texture,  did  not fly to pieces all at once. It 
burst  gradually, beginning at  the inside by very minute cracks. It 
was quite possible that, for a certain time, these  minute  cracks might 
increase the  strength of the  gun. H e  would not  detain  the  Meeting 
b going  into a proof of this, but it might be received as a fact. 
&ese cracks gradually extended, and finally, the  gun gave way. 
In  fact, theory had distinctly shown the  limit to which any homoge- 
neous  cylinder, or gun, could be  strained,  and he, for one, believed, 
that  the indications of theory were the only sure  guides to success. 

H e  would now briefly allude  to the principle, which it was the 
more immediate object of the  Paper to bring forward. That prin- 
ci le, which had been adopted both by Captain Blakely and by 
d r .  Locgridge, was, buildin, o. up guns with concentric  rings, or 
hoops, or binding them with wire. H e  was glad  that  the principle 
was no longer in the  region of theory ; but  that facts  might  be 
referred to, as establishing the correctness of the means which 
Captain Blakely and  he had, for so many  years,  entertained. Sir 
MT. Armstrong  and Mr. Whitworth had both adopted  that principle 
in  their  large guns; but  he was bound  to  say, he did not think it 
was being carried out by either of them, in the best way. I n  
order  to derive the full benefit from this  mode of construction, it 
was necessary, that  the rings should be put on at  certain definite 
degrees of tension. The diagrams he had exhibited would illus- 
trate  the effect of not putting  them on wit,h the proper tensions. 
The theory of this principle had been worked out by a gentleman 
not unknown in  this Institution,-Mr. C. H. Brooks,-to whom 
he was greatly indebted, as was also the  Institution, and who 
had drawn np a very elaborate Memoir, containing the mathe- 
matical part of the question, which  was given in the  Appendix  to 
the Paper.’ The result of these calculations satisfied Mr. Long- 
ridge,  that if the object was to obtain the utmost amount of 
strength from hoops, they must be put on with a certain definite 
tension. If that was not clone, there would be  risk of injury to 
some of the hoops, or rings of the gun. Mr. Whitworth had 
stated,  that his method of putting on the hoops was  by hydraulic 
pressure. This was one  plan proposed by Captain Blakely, and 
was preferable to shrinking them on. Mr. Whitworth put  them 

’ Virle Appendix, page 329, ante. 

_ _ ~  
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on with a great initial tension ; in fact, with the utmost the 
material would bear without a permanent  set ; and consequently, 
the  least increase of strain caused by the explosion would give 
them a permanent set. Thus, Mr. Longridge was convinced, that 
Mr. Whitworth not only failed to  get  the maximum amount of 
strength,  but introduced an element of destruction int,o his gun. 
Sir W. Armstrong  had said, that  the hoops were put on  hot in his 
gun. Mr. Longridge’s experience in  contracting on hoops showed, 
that it was impossible to  ascertain  the  exact amount of tension, 
as no two pieces of iron would contract precisely alike ; and it was 
only by accident, that  the amount of tension,  which theor  indi- 
cated as necessary, could  be applied. Therefore, though Jir W. 
Armstrong  and Mr. Whitworth were both travelling  in  the  right 
direction, he  felt  bound to say  they were travelling  without a chart, 
and were not following the  sure indications of theory. In  the 
Armstrong  gun,  the chase of the  gun was made spirally, and 
welded up, and  then upon that, at the breech part, there were 
other hoops made of iron, laid with the fibre longitudinally. Upon 
these the trunnion piece  was shrunk, and over that  again iron 
hoops, made spirally. Mr. Longridge thought, that t,he iron  to  resist 
the longitudinal strain should  be  placed outside, and he  preferred 
to  have it  altogether  independent of the  gun; he believed it 
would &and the work better in that way. In  the  Armstrong 
gun, the whole of the recoil was dependent upon the adhesion of 
the longitudinally-laid tubes upon the  other tubes. These might 
easily be affected by the concussion of repeated firing, more 
particularly, as  they were not  put on with any definite initial 
strain,  and  the result might be fatal to the gun. The  Whitworth 
gun also depended  on the adhesion of friction for the trunnions, 
arld for longitudinal strength  it was dependent on the inner 
tube. H e  must  express  his  decided opinion, that  large guns, of 
%inches, 10-inches, or 12-inches  calibre, could not  be safely made, 
by either of the methods  adopted by Sir W. Arnlstrong, or by 
Mr. Whitworth. 

It had been said, that  the system he  advocated would never be 
adopted by Artillery Officers. One of the objections to the system 
was, that  there was no sufficient end-hold. H e  did  not exactly 
understand what was  meant by that expression, but  he fancied 
it was as much as to say, that  there were no  means of fixing the 
ends of the wire. Now, not,hing could be more simple. In  the 
gun,  (Fig. 15, p”ge 313,) a small hole was drilled  through  the cast 
iron in a slanting direction ; the  end of the wire was put into it, 
and a wedge was driven in, so t,hat  there was no possibility of its 
uncoiling. In finishing off the  end of the wire, the same plan 
was adopted ; and a layer of solder  was run along these coils, so 
that if two, or three, or even more, wires were cut, by any means, 

2 H 2  
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the  rest would not uncoil. It was further  intended  to  protect 
these  wires by a coating of sheet iron. The  fixing of the breech, 
about which a great  deal  had been  said, presented no  difficulty. 
The material which transmitted  the recoil was placed outside the 
gun. There was no  difficulty  in carrying  out  that system, and  he 
felt satisfied, that ultimately, all  large  guns would be so con- 
structed.  With  regard to the effect of temperature on wire- 
bound guns, he  had calculated, that  at 200°, the  result would 
not dimlnish the tension of these coils more than 14 lb. or 2 lbs. 
There was, therefore, nothing  to  fear  as to temperature. H e  was 
sorry  to find, that  Mr.  Anderson  did not  like wire ; and  he would 
remind  that  gentleman,  that only a few years  ago he had  an 
equal  distaste for hoops. Having now so far changed his opinion 
as to build guns with hoops, Mr. Longridge was satisfied, that  in 
a few years, Mr. Anderson would appreciate  and acknowledge the 
superior  merits of wire. 

Mr. BrDDER,-President,--aid, that  the  Institution  might  take 
credit for the very interesting  character of this discussion, which 
was one of national importance ; in  fact, it had fully justified the 
observation, which he  had  made in  his  opening Address on taking 
the  Chair ;-that there was not  any  arena  in this, or in  any  other 
country, so well calculated for the discussion of this class of sub- 
jects, as within the walls of the  Institution of Civil En,’ mneers. 

The more immediate subject of the discussion, was the capa- 
bility of vessels to resist great  internal pressure, as proposed in 
Mr. Longridge’s  Paper.  This had  induced the question of the 
construction of guns, and  the proposition to extend  the  range of the 
subject, had  led  to  the  interesting discussion which had taken lace. 

It must  be admitted,  that  the theory propounded by Mr. long-  
ridge, with regard  to  the tensile force of metal, had been satisfac- 
torily demonstrated ; and theoretically, the plan he suggested would 
appear  to answer the  intended purpose. Practical objections had, 
however, been fairly and legitimately urged against the proposed 
plan. These  related chiefly to the difficulty of securing the ends 
of the wire, of strengthening  the breech, and of forming the 
muzzle. HOW far the  Allthor  had succeeded in  meeting those 
difficulties, the  Members  must judge. It was, however, evident, that 
he  had established such a prim2  facie case as should have entitled 
him to have received the  attention of the Government,  in  his 
attempts  to produce a light  and efficient gnn ; especially when it 
was considered, that  the subject was only now, for the first time, 
undergoing  that careful scientific investigation  to which its  great 
importance entitled it. 

There  had been  exhibited  to the  meeting two guns of t,lle most 
scientific design and beautiful workmanship ; the respective inven- 
tions of Sir W. Armstrong  and of Mr. Whitworth.  With  regard 
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to the manufacture of the former, the  President could not coincide 
with the opinions expressed, as to the difficulty of forging such guns. 
H e  had witnessed the operations, and as far  as his experience 
went, he must say, that  the mode of construction appeared  to be 
most satisfactory, and  he  had no doubt, that  the  guns so con- 
structed, in  the new gun factory a t  Woolwich, possessed all  the 
characteristics claimed for them. At the same time, from the 
general  tenor of the discussion, it was evident, that  there was 
a strong feeling in favour of the homogeneous metal used in 
the manufacture of the  Whitworth gun, and  in  that opinion 
the  President participated. The metal certainly possessed the 
characteristics  claimed for it;  it was nearly as hard as steel, 
and as tough  as copper, and  as a material for artillery,  what more 
could be  desired ? Cast-iron guns  had, no  doubt, occasionally, 
exhibited wonderful results. They  had withstood an immense 
amount of firing and strain ; but  there was not  any  certainty of 
uniform results  being obtained. In  one case, a cast-iron gun  had 
sustained fift,een hundred, or two thousand rounds, whilst another 
gun,  stated to have been  cast from the same metal, and under 
precisely the same conditions, had not resisted for a single day. 
This was one grave objection ; whilst the  great weight of cast-iron 
guns must also, in  the present day, be a formidable objection to the 
use of that material, either for field guns, or for naval  armament. 
I n  the production of artillery, the first cost ought not to  be weighed 
against  attaining  the  greatest efficiency, combined with the utmost 
saving of weight;  the  latter  he considered a point of primary 
importance. In  the field it was imperative, both on account of 
the  rapidity of manceuvring now required, and  to facilitate the 
transport, a t  considerable speed, over a rough country;  and on 
board vessels of war, carrying  an  armament of one hundred  and 
forty guns, the saving of weight must, evidently, be of the most 
material consequence. The rifling of cast-iron guns  might have 
been a very proper subject for conslderation, some twenty, or thirty 
years  ago;  and no  doubt,  blame  must attach somewhere, that  it 
was only within the  last few years, that  the rifling of ordnance  had 
been seriously thought of, or had been practically  tried. 

I n  making a few remarks upon the practical  results of trials, 
and  on  the present  practice of gunnery, the  President begged the 
Members  to receive the calculations which he should present, and 
the  results which he should  submit to t.hem, as mere  approxima- 
tions. There ha.d been communicated to him, the results of an 
immense number of experiments in gunnery, and upon testing 
them  he  had found, that,  to a great  extent,  the results were not 
such as could entitle  them  to implicit reliance. H e  did not  mean 
by this, to say that  apparent facts had been garbled, or misre- 
presented ; but circumstances which had  attended  the experiments, 
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but which had been omitted, had influenced the results, and 
thus  rendered them useless for the purposes of investigation. Cir- 
cumstances had occurred, which convinced the  President,  that  he 
had made  very little progress in  the science of gunnery; a few 
weeks ago,  he thought  that  he was on the eve of ascertaining some 
definite results, but  he now felt, after more  careful  investigation, 
that,  far from being at all advanced in  the science, the threshold 
was  only just  reached, and  that scarcely anything was really 
known of that  important science. The very first thing in  gunnery, 
but upon which the  authorities were not  agreed, was the  initial 
pressure of gunpowder, and its a modus operandi’ upon the shot. 
Upon  that subject the most discordant opinions prevailed. What 
he meant by the initial pressure of gunpowder gas was, the pres- 
sure of the gases evolved on the explosion of gunpowder, when 
confined within the  actual space  allotted for the gunpowder itself. 
That was what  must  be arrived  at,  in  order  to  make  the calcula- 
tions as to the effect produced,  considering also the circum- 
stances  under which the powder was exploded. I n  the course 
of the discussion, Captain Boxer, who occupied a high position 
in  the Royal  Arsenal, at Woolwich, and who claimed to have con. 
siderable information relative  to the explosion of gunpowder, and 
the requisite strength of metals to  resist its force, stated,  that  the 
forces of gunpowder gas were of two distinct kinds,-statical 
and percussive. Now from this proposition, the  President must. 
distinctly beg  to differ. Statically, a pound of gunpowder gas, 
would not have more effect, in generating velocity, than a pound 
of butter ; and if it  acted percussively, it must destroy both the 
projectile and  the  gun. 

I n  the work of Mr. Lynall Thomas’ it was stated,  that gun- 
powder had some mysterious action ; that before the  gases acted 
upon the shot, there  was some kind of undulation, or oscillation, 

. which,  by some means, communicated an initial velocity to the shot, 
irrespective of their expansive action. Mr. Treadwell,2 again, 
staked, that  the whole force of gunpowder was due  to the  inertia 
of the shot, or of any mass with  which it was placed in contact, 
at the moment of explosion ; and he, moreover, said that a large 
charge of gunpowder, if exploded in vacuo,  would not burst a 
sheet of tissue paper. From that posit.ion, it was scarcely neces- 
sary to  record an unconditional dissent. All  the phenomena 
attending  the explosion of gunpowder, could be  explained by simple 
mechanical effects. If it w;t8 assumed, that  in exploding  gunpowder 

____ - .- 

to Guns and Mortars,” etc. By Lynall Thomas. 8vo. London, 1559. 
Vide “ Rifled Ordnance ; a Practical  Treatise on the Application of the  Rifle 

By D. Treadwell.  Tract, 8vo Cambridge, 1856. (From the Memoirs of the 
Vide “ On the Plzzcticability of Constructing Cannon of Great  Calibre,” etc. 

America11 Acadcmy.) 
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in a vessel, the  resulting gases derived their force from the pres- 
sure of a column, 100,000 feet in height, of a uniform density, 
it would be found, that all  the subsequent effects observed 
could be satisfactorily accounted for. I n  general, the element of 
time was completely neglected. Now in explosion, gunpowder 
produced initially the same pressure, whether in a gun, or in vacuo, 
or  in  the atmosphere ; but  in a gun,  the  inertia of the shot 
compelled a longer time  to be occupied in exploding  the powder. 
In  the open air, the same quantity of powder exploded with 
immense rapidity, and  the pressure was no sooner formed, than  it 
was lost by expansion. For instance, in  the case of an 80-lbs. 
rifled shot, the velocity of 800 feet per second was conlmunicated 
in the three-hundredth part of a second;  and in the case of a rifle 
bullet, the same velocity was acquired  in the three-thousandth 
part of a second. From this statement some conception might  be 
formed, of the very minute  elements which were imported into  the 
consideration of the question, where time  alone gave  the necessary 
explanation of all those phenomena, which were exhibited by the 
explosion of gunpowder. The  President  had tested the initial 
power of the gases by the mechanical effect, i. e. by the velocity 
with  which t h e  shot quitted  the gun. It was assumed, which was 
not, however, correct, that  all  the powder exploded instantaneously. 
Under those circumstances, it required a pressure of nearly two 
thousand atmospheres, to  generate  the initial velocity. H e  then 
supposed it  to explode, so that a constant pressure was  maintained 
throughout the  length of the gun. This would indicate, that  the 
initial  pressure couid not be less than five thousand atmospheres. 
Therefore, he was unable  to arrive at the conviction, that  the initial 
pressure of the gunpowder was so low as  three thousand atmospheres, 
or 20 tons to  the inch. There was also another element to  be 
considered ; the enormous loss of the explosive power i n  following 
the shot, and in the loss of the caloric by the expansion of the 
gases. Assuming the tension of the  gas to represent a column 
100,000 feet in height, the velocity a t  which gas of that height 
would flow into vacuum, would be 2,500 feet per second. When 
the velocity of an $0-lbs. shot was 800 feet per secoml, the effect 
was, that  the power of the  gases was then reduced  to a column 
which represented the difference of the velocity; a column which 
produced the velocity of 1,700  feet  per second, (i.e. 2,500 - 800,) 
was two-fifths of the whole column ; so that before the shot travelled 
16 inches, the velocity of the gas, besides being reduced, by the 
space it occupied, to one-half, was further reduced three-fifths, or 
60 per cent. Therefore, as to  the mechanical effect of gunpowder, 
the result could not be produced, .unless the  initial force of p n -  
powder was much higher  than  three thousand atmospheres. 

I t  was curious, although,  perhaps,  not germain to the subject, 
to compare the mechanical effect of 1 lb. of gunpowder with that 
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of 1 lb. of coal. I n  the Whitworth 3-pounder gun,  the initial 
velocity was 1,300 feet per second, and  that was generated  in  the 
two-hundredth part of a second. The mechanical effect was mea- 
sured by the shot  being  elevated 26,000 fcet, which was repre- 
sented by 1 lb. raised 78,000 feet, and  that was done  in the two- 
hundredth  part of a second. A nominal horse-power was repre- 
sented by 33,000 lbs  raised 1 foot high per minute, or 23 lbs. 
in the two-hundredth part of a second. Therefore, the work per- 
formed by 8 oz. of gunpowder was represented by 28,000 H.P. 
The 8 oz. of powder, in the two-hundredth part of a second, repre- 
sented 4,000 tons  a-day. An engine of 28,000 H. P., working 
twenty-four hours would consume 1,200 tons of coal, so that 1 lb. 
of coal achieved the  result obtained by 3 lbs. of powder. 

The  next  element for consideration was that of atmospheric 
resistance. The only well-recorded experiments were those of 
Dr. Hutton ;l they were made with immense care and research, 
and if the mechanical appliances of the present day  had been 
at  the command of that distinguished man,  t,he  theory of gun- 
nery would have been in a very different state from what it now 
really was. But  the best appliance  for  his  experiments was a 
l-pounder  gun, made expressly for his use. The experiments 
were tried  in Galleons’ Reach, a part of the River Thames,  about 
800 yards wide. Cadets were posted along  the banks, on each side 
of the river, to take  notes of the flight of the shot, along the water ; 
it was however found, that  the shot did not travel  in the presumed 
line of fire, frequently  passing over the heads of the cadets, first 
on one  side of the river and  then on the other, and  that  the only 
chance of hitting  an object, 1 mile distant, was by aiming some 400 
yards  either  to  the  right, or to the left OF the target. This was 
owing to the windage of the shot in  the gun,  causing it to travel 
from one  side to  the other,  according to chance. Still, all 
these difficulties were struggled  against, by Dr. Hutton,  and  all 
who  wished to have their minds imbued with the difficulties of the 
question, should  examine the details, and go through his calcula- 
tions. The velocity of the shot was determined by the balistic 
pendulum, whilst the atmospheric  resistance was ascertained by 
revolving machinery, and  the result  established  the enormous resist+ 
ance of the atmosphere, of 102 lbs. upon a l-lb. shot, 2 inches in 
diameter,  travelling at a velocity of 2,000 feet per second ; at 
1,300 feet per second, the resistance was 424 lbs. ; and curiously 
enough, it would appear,  that  the  actual resistance of the atmo- 
sphere was nearly that which  would  be due to  the impression of 
wind, upon a disc of the same diameter  and  at  the same velocity. 

The resistance of the atmosphere was due to three causes ; viz., 
the displacement of the atmosphere, the friction of the atmosphere 

1 Vide “Tracts on  Mathematical  and  Pldosopllical Subjects,” &c. By C.. 
Hutton. 8vo. Vol. 111. Tract 37. London, 1812. 
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upon the periphery, and  the back pressure, which was the vacuum 
formed in  the  rear of the shot, and which it was necessary for the 
atmosphere  to fill up again. The  latter did not follow the ordinary 
law of the squares, and  it was  believed, that in all cases of spherical 
shot, it was increased beyond what theory gave ; for it was assumed, 
that  the  air  adjacent  to  the  path of the shot was in a quiescent 
state,  and was ready to fill up  the vacuum. But when the shot 
expelled the atmosphere, it was driven off in lines tangential  to  the 
periphery, so that  the force must be more intense, as it had, not 
only to change  the direction of the particles, but  to  retard  their 
motion, before they flowed into the wake left by the projectile. 
The result  had been to establish, that  the experimental  resistances 
were nearly  double the amount  derived from theory. 

It was owing to the enormous resistances occasioned by the 
atmosphere, that Dr. Hutton, following in  the  track of Robins, was 
induced to recommend, as the only remedy, the use of elongated 
projectiles. This, of course, could only be effected by rifling, and 
thus  insuring  the correct flight of the shot. 

?iith  regard  to rifling, the remarks  might  be confined to the 
. two systems respectively adopted by Sir W. Armstrong and by 

Mr. Whitworth ; the former by impressing the rifle grooves on the 
soft-metal covering of the projectile ; and  the  latter, by fitting the 
hard-metal  shot  to a polygonal-shaped bore. 

The elongated projectile reduced  the enormous resistance of the 
atmosphere, in several ways. I n  the first place, there was more mo- 
mentum according to  the  area. Comparing the  l-pounder  gun, 
2 inches in diameter, with the Whitworth  3-pounder gun, 18 inch 
in  diameter,  the surface  exposed to resistance was nearly double  in 
the former,  to that of the latter, besides which there was a momentum 
of nearly 3 to 1 in  respect of their relative weights ; reducing re- 
sistance in the proportion of nearly 6 to 1. By careful experimental 
trials, and by giving to the  front of the shot a sharper form than  the 
hemisphere, a still greater reduction  in the  total  amount of resist- 
ance  had been attained. In  order, however, to  produce the 
greatest effect, i.e. to  elongate  the projectile to the utmost extent, 
it was necessary to deterinme  the  proper limits of rifling. Upon 
this point the  President did not agree,  either with Sir William 
Armstrong, or with Mr. Longridge, in  thinking  that  the amount of 
twist was immaterial. On the contrary,  he thought  it most material ; 
because upon the  extent of the twist depended the power of using 
long, or short projectiles ; especially considering, also, how small 
an amount of power was absorbed in giving the necessary twist. 
Mr. Longridge  had  stated  it  to  be  about one-fortieth part of 
the power necessary for generating the velocity  of the shot, 
inclusive of the power absorbed by the friction ; but  the result of 
the President's own investigation of the 3-pounder gun was, that 
the twist given, required only the one  hundred and seventieth part 
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of the force which was necessary to give the requisite initial velocity 
to  the shot. 

I n  testing  the experiments, the most convenient system was, to 
ascertain the  ratio of' the velocity of the  retardation of the shot, per 
element of distance, rather  than  per element of time. Theoretically 
and practically, it  appeared,  that  the  retardation,  in passing through 
equal spaces, was a fixed proportion of the velocity. For example, if 
a shot  going 1,000 yards per second, lost 10 feet of velocity in a 
certain space ; then with a velocity of 500 yards per second, it would 
lose 5 feet of velocity in the same space. These statements must, how- 
ever, only be received as approximations ; for the reliable  experi- 
ments  had,  hitherto,  been so few, that no one could he justified in 
making  an  exact  statement upon the subject. They must be further 
carried out, with the assistance of the electric  telegraph, both for 
time  and  range, so as to enable  the  initial velocity to  be  determined 
beyond all doubt. 

Having  made these remarks, the  President proceeded to give a 
few details of the result,s of some recent experiments, in  order  to 
show what had been accomplished by rifling. 

The first examples  were with 
SPHERICAL SIIor. 

Weight. 

-_ 
lb. 

1 

3 

Iuch. oz. Degrees. 

2.78 { * '  20 
e .  30 

T 
Velocity. I Kange. 

Initial Actual 

Ft.per  sec. Feet. 

l,ti44 

7,680 1,200 
4,800  1,200 

4,660 1,234 
6,066 

Parabolic 
Kange. 

Feet. 
-- 
25,000 
44,000 
31,200 
45,000 

It would be seen, that the  parabolic  exceeded the actual range, 

The next results were with 
in a proportion varying from five-fold to seven-fold. 

T I I E  WHITWORTH RIFLED CAiVKON. 

l 

I 100 1 2  168.1 1,300 I 156 1 1  1 
I l l 

7,722 1 9,200 
7  10,476  12,900 

10 13,665  118,300 i 
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Comparing  the experiments with the  Whitworth 3-pounder gun, 
with those of the  l-pounder gun, used by Hutton,  the following 
would be the  results :- 

The  charge of powder was one-sixth in place of one-half 
the weight of the projectiles, and  the elevations were loo and 154 
respectively. The initial velocity of the rifled shot was one-fourth 
less than  that of the round  ball ; and yet, with a lower elevation, 
the  range of the  Whitworth projectile was more than double that 
of the spherical shot ; whilst the parabolic range exceeded the 
actual  range by only 50 per cent. in  the former, as con~pared with 
600 per cent. in the  latter case. 

Now the difference of these  results  must be  attributed  to  the fact, 
of the  spherical l-lb. shot losing 15 per cent. of velocity in 100 
yards of flight ; whereas the 3-lb. shot, from the  Whitworth  gun, lost 
only two-thirds er cent., or less than one-twentieth of the former. 
In  other words, t R e resistance-cf the 3-lb. shot was only one-twentieth 
of that of the  l-lb. spherical shot, which was partly  due to the less 
surface present,ed by  that form of shot, to  the resistance of the  at- 
mosphere. It had been stated by Sir  John Burgoyne, that for 
breaching a fortification, the old service guns could not be  sur- 
passed, because the projectiles possessed so high an initial velocity. 
That was quite true, as far as it  went; but it must  be  borne in 
mind, that  after  the first 500 yards  had been traversed, there was 
so great a reduction  in the velocity of the  spherical shot, as to 
equalise its velocity with that of the rifled shot, which latter very 
uearly maintained  its initial velocity ; whilst from its form, its power 
of penetration was, mteris paribus, in excess of that of the spllerical 
shot. It was, moreover, a fact, that a rifled shot, at the distance 
of a mile, was as effective against a wall, or  any  other object, as 
a 68-lbs. spherical  shot, at  a distance of 500 yards ; therefore, 
even for breaching purposes, the  great  advantage of rifling must 
be apparent. 

The next  examples were in connexion with 

THE ARYSTRONG GUN. 

E1evation* Range. Range. 
Actual 1 Parabolic 

--___ 
Feet. 

5,892  6,600 
4, S60 4,500 43  26' 
Feet. 

5 ~ .. 
i 9,000 1 12,000 

12 ' 
93 1 9,000 11,880 

-_I----'------- 

3 l I 24 ' 1,1001 83 
73 7,440 

10,660 8,400 
9,300 

I 

The above experiments showed, with dl deference to Mr. Long- 
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ridge,  that  there were proofs of the  actual  range being all but 
identical with the parabolic range, at  low elevations. Sir William 
Armstrong  had  alluded  to a new element, and it was by that new 
element, that those effects were produced; viz., the  angle between 
the axis and  the  path of the projectile, increasing,  therefore, 
with the  angle of elevation. The diagram, (Fig. 34 a e 441), 
exhibited by Mr. Longridge, illustrated t,his hypotiJi: that a 
shot fired at an elevation of 2", would, towards the  end of the 
range,  meet the atmosphere at  an  angle of 4' ; and resolving 
the resistance of the atmosphere at  that  angle,  into a vertical 
elevation, it would be found to be +lb. on the 3-pounder projec- 
tile. The  result, therefore, would  be, that from the  lett.er F 
upon the  diagram  (Fig. 34), the line of the curve would be 
straightened off, and  thc  ultimate course of the shot would be 
nearly  straight, at the end of its flight. 

In  comparing the  present  results of the Whitworth and  the 
Armstrong guns, as far  as experiments had  hitherto shown, there 
was a difference in  the initial velocity of between 200 feet and 300 
feet  per second, in favour of the former. As regarded elevation, 
that was important,  particularly with respect to  accuracy of fire. 
When  Sir  William  Armstrong made his observat,ions with regard 
to  the  long  range,  the  President could hardly  agree with him. 
But  that was not  the main object. The practical object of attaining 
exceedingly long  ranges, must  be for attacking  any fortified place, 
or for  bombarding a naval arsenal, so as to be  able  to fire all day 
and night,  still keeping  out of the  reach of the enemy, and to drop 
shots and shells, with impunity, into  apparently inaccessible places, 
so as to cause, if not absolute  ruin, at least very considerable an- 
noyance in any naval  arsenal, or maritime establishment. I t  was 
a very material element,  to  be able to lower the elevation, as by 
that means, the accuracy, of the firing was increased, or a longer 
range  attained with the  same elevation. Thus, for instance, with 
2" of elevation, the  range, with a velocity of 1,000 feet per second, 
would be 730  yards; with 1,300 feet. per second it would be  1,230 
yards ; with 1,500 feet per second it would be 1,620 yards;  the 
latter velocity giving  the same  accuracy, at double the  range, 
which the initial velocity of 1,000 feet could command. 

Objections had been raised  to Mr. Whitworth's mode of breech- 
loading, as being  exposed  to  injury from shot. But did not the 
trunnions of every gun offer quite as  great projection, on both sides 
of the  gun, as the hinge did on one side ? On  the  other hand, 
it had been objected, that  Sir  William Armstrong's gun did not 
admit of a choice in  the variety of the projectiles. It had also 
been objected, that  the  Armstrong  gun was not adapted for firing 
red-hot shot, or shot filled with molten metal. Also, that thy 
Armstrong projectile could not  be  fired from the Whitworth gun. 
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There could not, however, be  any doubt, that  the  ingenuity which 
had  enabled  Sir  William  Armstrong to design that very beautiful 
gun, would also enable him to overcome such difficulties with re- 
gard  to  the projectiles. These objections only induced  the con- 
viction of the  paramount importance of a combination of the two 
systems, propounded by Sir William ArmEtrong and  by Mr. Whit- 
worth, which  would, undoubtedly, produce a most perfect weapon. 
The exertions of both those gentlemen  had considerably added  to 
their reputation, and  their sacrifices and devotion of their time in 
the service of the ublic, deserved the highest encomiums, 

Mr. Longridge f a d  made a remark with regard to the  statement 
by the Minister of War, a short time since, upon the subject of gun- 
powder. Upon  the  authority of Sir William  Armstrong,  the  Pre- 
sident might state, t,hat  what was intended  to  be said was, not  that 
Sir William  Armstrong could not use more powerful powder, as in 
fact,  he could advantageously use powder of any  strength,  but  that 
in  experimental  firing, it had been found, that more regular prac- 
tice was obtained by usin5 slow-burning powder. 

Very  little  had been  sald upon the subject of muskets. Now it 
was of equal  importance, that  all the  branches of the service of this 
country, should be provided with the most efficient  weapons. The 
great contest had, hitherto, been between the Enfield and  the  Whit- 
worth rifles. With  regard to the former, it was impossible to say 
how the  adopted twist had been arrived at, or how the  diameter of 
the bore had been fixed. The  President  had carefully examined 
the  experiments with that rifle. The shots fired from the rest, 
which ought to have been the most perfect, were entirely devoid of 
accuracy ; but when the rifles were fired from the shoulder, and 
individual  skill was imported  into the trials, the practice was very 
much improved. The Enfield rifle might be the proper weapon, but 
certainly very little, if any, scientific acumen was exhibited in the 
selection. It must, however, be generally admitted,  that  the  Whit- 
worth rifle, both for length of range  and accuracy of firing, was 
vastly superior  to the Enfield ; and if there was any small differ- 
ence in  the cost of the two  weapons, it ought  not to weigh one 
moment in comparison with efficiency. Every soldier in the ser- 
vice cost the country from E50 to $100 for his education, and 
$50 a-year for his  maintenance, and  to hesitate upon a question of 
five, or ten shillings, or even ten pounds  in the cost of the weapon, 
to  arm  the soldier, appeared  to  be  carrying economy in the  wrong 
direction. Within  the  last few  weeks, the  President  had  made some 
experiments with Mr. Whitworth’s rifled musket. Those experi- 
ments were made with paper  screens placed at distances of 50 yards 
from each  other, throughout  the  length of Mr. Whitworth’s  gallery. 
The  height was taken from a fixed level, to where the shot passed 
through  each screen successively, and,  the fall of the shot being 
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t,hus ascertained, the velocity at each  interval was deduced. The 
experiments were satisfactory ; but phenomena. were observed, which 
required  to  be  elucidated by further experiments. Judging from 
the fall of the shot, from the  line of elevation, in the first 50 yards 
its velocity was only one-half of its subsequent velocity, and  instead 
of falling only 29 inches below the  line of fire, in 50 yards, it fell 
74 inches  in that space. The following results were obtained  in a 
range of 500 yards :-With a rifle of 0.442 inch calibre, and 
39 inches long  in  the barrel, the  charge of powder being 70 grains, 
and the weight of the projectile 530 grains, the initial velocity was 
1,300 feet  per second, at an elcvation of l0 26'. With  the same 
trajectory and a similar projectile, but with a charge of powder 
of 100 grains,  the  initial velocity  was 1,400 feet per second, at  an 
elevation of 1' 8'. With a rifle of the same  diameter, but 33 inches 
long  in  the  barrel,  the  charge of powder being 50 grains  and  the 
weight of the projectile 530 grains, the  initial velocity was 1,200 
feet  per second, at  an elevation of 1" 40'. 

These  results confirmed what had been stated, with respect to 
CanIlon, that as the elevation was increased, the  greater was the 
amount of retardation  during  the passage through  the  air, which 
was owing to  the  greater  angle at which the  axis of the shot met 
t,he atmosphere  in its path. As regarded rifling, there was no 
evidence in what way the twist could generate error, whilst it was 
admitted,  that at the same time, i t  gave immense range to the 
projectile; therefore, it appeared,  that short of what might be 
found inconvenient in the manufacture, there was not any limit to 
the twist of the rifling of a musket  barrel. 

In  conclusion, the President would make a few general observa- 
tions which must have occurred to all who had followed the 
discussion. Seeing for how long a t,ime gunnery  had been known, 
and what enormous  interests were a t  stake,  it did appear  extraor- 
dinary, that  in  the  year  1860,  there were only, as it were, in- 
dications of beginning fundamentally the proper study of the sub- 
ject,  although owing to the ingenuity of Sir W. Armstrong  and 
of Mr. Whitwort,h, the mechanical  appliances  appeared  to he ap- 
proaching near to perfection. There must be some error in t,he 
systems of all Governments, because neither  in this, nor any other 
country, had any marked improvement, or decided progress taken 
place. The reason for this  might be  chiefly attributed to the un- 
just  manner in which that distinguished branch of the service, the 
Royal Artillery, had been treated, by the governing powers. The 
officers were required, or expected, to be perfect in  the science and 
practice of gunnery, so as to  be able to conduct  their operations, 
under  the most terrible circumstances and  under conditions of the 
most disturbing  character. Resides which, they were expected to 
be acquainted with the mechanical branch of the science and even 
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to construct guns  and projectiles, although they could not have 
had  any opportunit.ies of acquiring mechanical knowledge. The  
education of the artillery officer for conducting  his  routine  duties, 
and  in  acquiring  the power of enforcing military discipline, was the 
least  adapted for qualifying him for  the performance of mechanical 
duties; therefore,  his  education ought, hereafter, to be  conducted 
on different principles, more especially as the powers of the weapons, 
which he would have in charge, would be so much enlarged as to 
demand more careful cultivation, than  had  hitherto been necessary. 
This  duty  ought to be confined to  obtaining complete mastery over 
the weapon that was placed in his  hands ; and his  experience would 
then enable him to  judge of the merits and demerits of the 
mechanism of the guns, and  thus to  indicate to  the mechanician, 
that which should be preserved and  that which it was desirable  to 
correct. If, however, in addition to these  duties, the  artillery 
officer was called npon to organise factories, and to  superintend 
the construction of guns  and projectiles, the  demand was such as 
no ordinary  human  being could adequately respond to. It was 
owing to  this system, no  doubt, that such slow progress had 
been made in gunnery. It was owing to this, also, that until 
very recently, guns were bored by means of horse machinery at the 
Royal  Arsenal, at  Woolwich, whilst in almost every petty work- 
shop, steam  machinery was concurrently employed. I t  was owing 
to this, that a highly talented mechanician had been wasting his 
time in merely managing a gas work, until  he had been, literally, 
‘ dug out,’ to be placed at the head of a great public establish- 
ment, where there was scope for the exhibition of his powers. I t  
was owing to this, that  the year l860 had overtaken the Govern- 
ment., before anything  had been realised in the  true science and 
practice of gunnery, although,  thanks  to  Whitworth  and  Arm- 
strong,  the mechanical department was fast  approaching  per- 
fection. 

The  Emperor Napoleon HI., in the preface to his admirable 
treatise  on the “ Past  and  Future of Artillery,”’  had offered an ex- 
planation on this subject. H e  said, that  the progress of artillery 
had to  contend against two “ eunemis redoubtables, les innovations 
imprudentes et  la routine.’’ H e  remarked : c‘ Inventions that  are 
before their age?  remain useless, until the stock of general knowledge 
comes up to thew level.” Again :-“ Whatever is complicated, f d s  
in producing  good  results  in  warfare ; the promoters of systems 
forget, always, that the object of progress ought to be, to  obtain the 
greatest possible effect, with the least possible effort and expense.” 
He, however, laid  the  greatest blame on the opposition of routine, 

dc  l’hvenir  de  l’hrtillerie : avant-propos,”  pp. 15, 17. The Preface is dated, For- 
1 Vide ‘‘ CEuvres de Napol6on 111.” Paris, 1556. Tome  IVme. “ D11 Pass6 et 

tress of Ham, May 24, 18PF. 
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6‘ which, being  enamoured with old ways, has preserved for ages, 
practices that  are most stupid.” And  L‘not only does routine 
scrupulously preserve, like some sacred deposit, the  errors of anti- 
quity, but  it actually opposes, might  and main, the most legitimate 
and  the most evident improvements.” 

Although  the  Government was really beginning,  in 1860, 
to stir in  the  matter of artillery,  yet in point of ship-building the 
state of the public  establishments was scarcely advanced  beyond 
that of the  year 1760. There were still in construction, ships to 
carry, in some cases, one hundred  and forty guns, with a full 
conviction that half a dozen of the projectiles, such as were now 
made, would destroy any one of those vessels? They could never 
be  brought into a position to use that vast armament effectually, 
against a fast steamer powerfully armed, or to  bear upon a fortress. 
As to line-of-battle  ships, their time had evidently  gone by; be- 
cause the conditions which enabled  them to  range alongside and 
to bombard  each other, were entirely  changed. Fighting at sea 
would become something like American duelling,-dodging after 
each other, and seeing who could get  the first, or best shot :-in 
such manceuvring, the  advantage would, evidently, be in favour of 
the fastest vessel. 

I n  America,  they were building corvettes to carry only ten, or 
twelve very heavy guns, with enormous engine power, to attain a 
higher speed than  anything  the  Royal Navy of this country pos- 
sessed. With such advantages of speed, having guns only on the 
upper  deck, and having  means and appliances for working them, 
which could not be obtained with the present, crowded armaments, 
the conviction must be induced, that  the Royal Navy of England 
would yet have to be reconstructed. 

I n  conclusion, the  President would express a hope, that  either 
during  the  present Session, or early in the  succeeding year, this 
question of the science of gunnery would be re-opened, with more 
assured data  than  had been brought forward on  the present occa- 
sion. 

to strain and to becomc  leaky,  clearly  proves the necessity of some change, 
’ The recently  published staterneut of the increasing  liability of large  ships, 

either by the  reduction of the prevent  armaments, or by idtroducing  guns of 
lighter construction.-G. P. B. 
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